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TWENTY-NINE MONTHS OF SOLAR RADIATION AT TUCSON, ARIZ. 


By Grorce E. Davis anp Joserpx L. McCarruy 
{From the laboratories of the Desert Sanatorium and Institute of Research, Tucson, Ariz.} 


The intensities of direct solar radiation at wave-lengths 
0.50u and 0.32y are recorded daily at Tucson at the Desert 
Sanatorium and Institute of Research. The records are 
automatically traced on photographic plates by a Pettit 
solar radiometer. In the period of 29 months Ht Feb- 
ruary, 1930, to June, 1932, inclusive, approximately 500 
such plates were chosen as satisfactory for measurement. 
From the measurements, values of intensity of radiation 
were computed in absolute units for the hours 9:00 a. m., 
12:00 noon, and 3:00 p. m., local apparent time. Only 
values for an unclouded sun were included. There were 
460 satisfactory records at 9:00 a. m., 448 at 12:00 noon, 
and 370 at 3:00 P. m. Corresponding values of air 
temperature, humidity, barometric pressure, and atmos- 
pheric haze were measured throughout the period of 29 
months. 

The elevation at the point of observation is approxi- 
mately 2,470 feet. In every direction stretches a fairly 
level, semiarid plain covered with creosote bush, mesquite, 
cacti, and other desert plants. The plain is almost com- 
pletely inclosed by high mountains. These lie approxi- 
mately 7 miles north of the point of observation, 14 miles 
east, 45 miles south, and 7 miles west. The prevailing 
direction of motion of the surface winds is Rath say 


INSTRUMENTS AND METHODS 


The Pettit solar radiometer has been described by 
Pettit (1, 2) and by Davis (3). Essentially this instrument 
consists of a silvered quartz lens and a gilded glass lens, 
mounted on a disk which rotates at intervals of one 
minute, the lenses forming images of the sun alternatel 
upon the receivers of a compensated thermocouple which 
is connected with a sensitive galvanometer. The silvered 
quartz lens transmits a narrow band of ultraviolet radia- 
tion with maximal intensity at \ 0.32y, while the gilded 
lens transmits a broad band of radiation with maximal 
intensity at \ 0.50u in the green region of the spectrum. 
The galvanometer deflections are recorded on a moving 
photographic plate, together with transverse lines indi- 
cating the hour angle at intervals of one hour. The de- 
flections are proportional to the intensities of the rays 
transmitted by the lenses. 

The radiometer was calibrated by making simultane- 
ous measurements of solar radiation by means of an 
entirely separate instrumental assemblage. This con- 
sisted of a Bausch & Lomb quartz monochromator fitted 
with a special detachable thermopile head; a specially 
constructed photometer box with internal shields, mount- 
ed on a base to which the monochromator also could be 
attached ; an incandescent lamp calibrated by the Bureau 
of Standards; a very sensitive D’Arsonval galvanometer; 


and accessory instruments for measuring current, resist- 
157950—33—1 


ance, etc. The thermopile, detached from the mono- 
chromator and carrying its own entrance slit, was first 
calibrated by measuring the voltage generated when 
radiation of known intensity from the standard lamp fell 
upon the receiving strip. A separate measurement was 
made to determine the absorption of the quartz window 
of the thermopile case for long-wave radiation from the 
standard lamp, and corrections were made for such absorp- 
tion. The iharmoptie head then was attached to the 
quartz monochromator, which was mounted on the base 
carrying the photometer box. The base was supported in 
such a manner that the photometer box could be kept 
pointed directly toward the sun. The radiation passed 
through the box and fell directly upon the slit of the mono- 
chromator. The thermopile was connected with the 
sensitive galvanometer, which had a scale distance of 776 
cm. Readings were made at intervals of 50A throughout 
spectral ranges extending from \ 3050 to 3350A and from 
4850 to 5150A. At each position the width of the exit 
slit of the monochromator, which determined the amount 
of radiation falling upon the thermopile, was adjusted to 
include exactly 100A of the spectrum. The data thus 
obtained were plotted and the radiant intensity at d 0.32 
and 0.504 computed from values taken from the curves. 
In the computations, corrections were made for the radia- 
tion losses in the quartz monochromator, data on which 
were furnished by Bausch & Lomb. Having determined 
the radiant intensities in this manner, comparison with 
the galvanometer deflections simultaneously recorded by 
the Pettit solar radiometer gave calibration factors which, 
multiplied by the deflections, give the intensities at wave- 
lengths 0.50 and 0.32y, in absolute units (here watts/100 
A/m?). Throughout the work of calibration great care 
was taken to insure accurate results. 

Measurements of relative atmospheric humidity were 
made by means of a sling psychromator with wet and dry 
bulbs. The absolute humidity was calculated from the 
air temperature and the relative humidity, by reference to 
tabulated values of mass of water vapor in saturated air. 
Barometric readings were obtained from a mercury 
barometer. Temperatures were measured with a mer- 
thermometer. 

bservations of atmospheric haze were made by «ye, 
the observer looking toward the foothills of the Santa 
Catalina Mountains lying some 8 or 9 miles distant in a 
direction a little west of north. Haze appears gray or 
blue-gray against the distant hills and adjacent plains. 
When observed, it was recorded as “‘very faint,’’ ‘‘faint,’’ 
““medium dense,” ‘‘dense,’’ or ‘‘very dense.”’ Such esti- 
mations are very rough. However, they make it possible 
to obtain some idea of the effect of haze upon the intensity 
of the solar radiation. 
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RADIOMETRIC DATA 


Since the numbers of values of radiant intensity ob- 
tained in the various months differ widely, the monthl 
averages are by no means of equal weight. Therefore it 
was decided to average the data in groups of 10 consecu- 
tive values each, each group representing 10 days but not 
necessarily 10 consecutive days. With this grouping all 
the average values are of equal weight. Each average is 

lotted at the average date represented by the 10 values. 

e believe that this method of averaging and plotting 
gives a more reliable representation of the actual march of 
radiant intensity than does the usual method of plotting 
monthly averages, in case the number and distribution of 
daily values vary markedly from month to month. 
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relation, —logioT=CM, where T is the atmospheric 
transmission, C is a constant, and M is the air mass. 
The value of C was chosen to make the maxima and 
minima agree approximately with the average maxima 
and minima of the corresponding intensity curves. We 
shall refer to these dotted curves as the ‘‘curves of average 
atmospheric transmission.” 

The most striking features of these radiation curves are 
their irregularities. Marked variations in intensity occur 
at irregular intervals throughout the year. We believe 
that these variations are not due, to any great extent, to 
errors of measurement. This point will be discussed later 
and Sy pe partial explanations of the irregularities sug- 
gested. 

Considering individually the curves for green radiation, 
d0.50yu, it is seen that the general trend at 12:00 noon 
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FicuRE 1,—Intensity of solar radiation at wave lengths 0.504 and 0.32u, at 12:00 noon, local apparent time. Each plotted point is the average of 10 daily values. 
heric transmissio: 


The dotted lines are the calculated curves of average atmosp! 

In Figures 1 and 2 the average values of intensity, in 
absolute units, are plotted, together with the ratios of the 
intensity at 0.324 to the intensity at 0.50u (lower 
curves). The values for 12:00 noon (hour angle zero) are 
shown in Figure 1, the values for 9:00 a.m. and 3:00 p.m. 
(hour angles —3 and +3) in Figure 2. The data of 
Figures 1 and 2 are represented also by the curves of 
Figure 3, which show the 2 or 3 year averages. These 
averages are found from values taken from the smooth 
curves. Also, in all three figures are indicated, in dotted 
lines, the approximate curves which would have been 
observed if only the changing declination of the sum had 
been responsible for variations in intensity. These curves 
were computed from the air masses at Tucson, and the 


_! These are Gapreinetety) the curves we should expect if only the changing declina- 
tion of the sun affected the intensity by varying the air mass traversed by the radiation. 


n.1 The lower curve represents the 


ios of the intensity at A0.32u to that at X0.50u. 


(upper curve of fig. 1) shows no resemblance to the curve 
of average atmospheric transmission. The upper curves 
of Figure 2, for green radiation at 9:00 a. m. and 3:00 
p. m., very ach. resemble, in general shape, the curves 
of average atmospheric transmission. Maximal intensi- 
ties occur, on the average, about two months before the 
summer solstice, while minimal intensities occur at or 
very near the winter solstice. The curves of average 
intensity (three upper curves of fig. 3) exhibit these 
features clearly. The unexpectedly low values extending 
throughout almost the entire interval from June to Sep- 
tember, inclusive, are especially noticeable. The green 
radiation is of nearly equal average intensity at 9:00 
a.m. and at 3:00 p. m. throughout the year. 

The intensity curves for ultraviolet at wave length 0.32. 
resemble, in general shape, the corresponding curves 
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of average atmospheric transmission much more closel 
than do the curves for green radiation, as is to be aipeeed. 
Here again the maxima occur earlier than the transmis- 
sion curves would indicate, averaging, on the curve for 
12:00 noon, from one to two months earlier than the sum- 
mer solstice and about one month earlier on the curves for 
9:00 a.m. and 3:00 p.m. In all cases the minima occur at 
or very near, the winter solstice. A marked reduction in 
intensity appears in the interval from June to September, 
as has been noted in the case of the green radiation also. 
The intensity at 0.32 at 3:00 p. m. generally falls below 
that at 9:00 a. m., the average difference being about 
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green or the ultraviolet to vary by 10 to 30 per cent or 
more within the space of a few days. As a rule, varia- 
tions at the shorter wave length are relatively larger than 
at the longer wave length. 

Corresponding curves for barometric pressure, temper- 
ature, absolute humidity, and provisional sun-spot num- 
bers (Ziirich, reported by the Carnegie Institution of 
Washington) also are shown in Figure 4 to illustrate the 
lack of correlation observed in general between these 
factors and the radiant intensity. Absolute humidity 
seemed to show a slight inverse correlation with the 
radiation values. No correlation between sun-spot num- 


5 per cent. During the last four months of the year the bers and radiant intensity could be discovered, consider- 
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Fiaure 2,—Intensity of solar radiation at wave lengths 0.50u and oie at 9:00 a. m. and 3:00 p. m., local apparent time. Each plotted point is the average of 10 daily values. 


The dotted lines are the calculated curves of average atmosph 


The lower curves of Figures 2 and 3, which represent 
the ratios of the intensity at \0.32u to the intensity at 
d0.50u, closely resemble the corresponding curves for 
d0.32u except along a portion of the curve for 12:00 noon. 
The above notes in regard to the shapes of the curves for 
0.32 therefore apply to these curves also. 

Surprisingly large day-to-day variations in the inten- 
sity values were frequently observed at both wave lengths. 
These variations are illustrated in Figure 4, in which the 
galvanometer readings for 12:00 noon are plotted for Sep- 
tember, 1930, and for May, 1931. These readings are 
proportional to the intensity. The ratios of the readings 
are shown also (curve B+4A). As illustrated by these 
curves, it is not uncommon for the intensity in either the 


1 These are (ap 
tion of the sun 


ximately) the curves we should expect if only the ch declina- 
ected the intensity by varying the air mass traversed by the radiation. 


transmission.!_ The lower curves represent the ratios of the intensity at \0.32u to that at 0.50u. 


29 months. Almost no correlation is evident between 
barometric pressure and radiation, or between tempera- 
ture and radiation, if all the data are considered. 

Atmospheric haze, observed in the manner described, 
was found to be accompanied usually by somewhat lower 
radiation values. Separating all the observed densities 
of haze into two groups, designated ‘‘faint”’ and “‘dense,”’ 
it was found that when ‘“‘faint’’ haze was observed the 
intensities at 0.504 and at 0.324 were reduced, on the 
average, by about 2 per cent and 5 per cent, respectively. 
The corresponding reductions at ‘‘dense’’ haze averaged 
about 4 per cent and 8 per cent. 


DISCUSSION 


_ The irregularities shown by the curves of radiant 
intensity appear to represent actual variations in the 
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radiation reaching the earth at Tucson. Undoubtedly 
the readings are affected to some extent by instrumental 
errors, due particularly to the effects of temperature 
variations on the effective sensitivity of the solar radio- 
meter. Both the thermoelectric power and the ohmic 
resistance vary with the temperature, the variations being 
opposite in effect. In the instrumental arrangement we 
have used the net effect of these two variations is not zero. 
However, it is seen by reference to the curves that the 
ratio of the intensities at \ 0.32y and 0.50y also show 
marked fluctuations similar to those in the radiation 
curve for 0.324. Since the readings at the two wave 
lengths should be affected to very nearly the same extent 


perature, and possibly other factors. In general these 
are not independent phenomena. Therefore they affect 
the radiant intensity in a complicated manner and it is 
difficult to discover the contribution of each to the net 
effect. For this reason the general lack of correspondence 
observed between radiant intensities and barometric pres- 
sure, temperature, humidity or sun-spot numbers, illus- 
trated in Figure 4, is not conclusive proof of lack of cor- 
respondence. The effects of accompanying phenomena 
tend to mask the correlation between radiation values 
and the particular phenomenon under consideration. We 
have shown, however, that visible haze in the lower atmos- 
phere generally is accompanied by lower radiant intensi- 
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FIGURE 3.—Average values of solar radiation at wave lengths 0.504 and 0.32n, from the smooth curves of Figures 1 and 2. Three-year averages, February to June, inclusive; 
two-year averages, July to January, inclusive. The dotted lines are the calculated curves of average atmospheric transmission.! 


by changes in temperature, the irregular variations in the 
ratio of intensities could not be due in any appreciable de- 
gree to temperature effects. This we consider clear evi- 
dence that the observed fluctuations in radiant intensity 
are mostly real, not observational, in origin. This is indi- 
cated also by the lack of correspondence between the curves 
showing daily values of radiation and of temperature. 
Several factors probably are each responsible, in part, 
for the irregularities in the radiation curves, namely, 
variations in the intensity of radiation emitted by the 
sun, atmospheric humidity, dust and haze, barometric 
pressure, invisible cloud films, atmospheric ozone, tem- 


1 These are (approximately) the curves we should expect if only the ing declina- 
tion of the sun affected the intensity by varying the air mass traversed by the radiation. 


ties. A slight correspondence was noted also in the case 
of absolute humidity. It would seem that the observed 
variations in intensity frequently are too great to be 
attributed to meteorological and instrumental effects alone. 
This suggests that the emission of radiation from the sun 
= vary appreciably at the observed wave lengths. 
ettit (2) has computed from measurements at Mount 
Wilson, Calif., the ratios of intensity of solar radiation at 
d 0.32 to the intensity at \ 0.50, for air mass zero, from 
the middle of 1924 to the latter part of 1931. He finds 
considerable correlation between the curve of monthly 
averages of these values and the curve representing 
monthly averages of numbers of sun-spot groups, except 
during the year from June, 1928, to June, 1929. This 
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does not necessarily mean that a similar correspondence 
should hold for radiation whose intensity has been reduced 
by passage through the atmosphere. At Tucson the air 
mass traversed by the sun’s rays at noon varies during 
the year from 0.93 to 1.63 (zenith mass at sea level = 1.00), 
while the masses at 9:00 a.m.and 3:00 p.m. vary from 1.20 
to 2.72. Hence atmospheric effects may almost completely 
mask the correlation with sun-spot numbers, as seems to 
be the case for our data. Pettit’s sun-spot curve (loq.cit., 
fig. 4) from February, 1930, to September, 1931, shows no 
correspondence with our curves for radiation at » 0.32 
during the same period. 

Although no data on the effect of invisible cloud films 
is at hand, it is probable that such films over the sun may 
effectively reduce the solar radiation, accounting partially 
for some of the low values observed under an apparently 
unclouded sun. 

The low radiation values observed from June to Sep- 
tember may be correlated directly or indirectly with the 
rains which occur in that period. More than half of the 
annual rainfall at Tucson occurs in the four months June 
to September, with the heaviest rainfall in July and 
August. The coincidence in point of time between this 
rainy season and the midsummer drop in radiation is very 
close. This sag in the curves probably is the reason why 
maximal intensities are observed, on the average, from 
one to two months earlier than the summer solstice, while 
minimal intensities occur at, or very near, the winter 
solstice, as expected. 

We believe, particularly in view of the relative clear- 
ness of the atmosphere of southern Arizona, that the 
marked fluctuations in radiation which we have observed 
are not peculiar to this region. Without doubt fluctua- 
tions of similar or greater magnitude would be revealed 
by similar measurements elsewhere. The few data thus 
far reported by other observers support this conclusion. 

Certain facts are worth noting by the heliotherapist. 
First, the marked day-to-day variations necessitate that 
measurements of radiant intensity be made simultaneous 
with the exposure of the patient, in case sufficiently 
accurate data on the physiological effects of radiation 
shall have been obtained to warrant accurately regulated 
dosage. The variations of intensity at wave-lengths 
shorter than 0.32u should be expected to be even greater 
than at this wave length. Curves of average intensity 
such as those in Figure 3 can not be used to predict, 
except very roughly, the radiation value for any particular 
day. Departures from these curves, amounting not 
infrequently to 30 per cent or more, may occur on any 


ay. 

Rabon, no accurate idea of the intensity of solar 
radiation on any given day can be deduced from observa- 
tions of sun-spot numbers, atmospheric humidity, 
barometric pressure, temperature, or haze. Third, the 
seasonal variations in intensity are greater for the shorter 
wave lengths of the ultraviolet spectrum than for longer 
wave lengths. The average curves in Figure 3 may be 
used as rough guides in determining relative exposure 
times at various seasons, so far as the spectral regions 
near wave lengths 0.32 and 0.50u are concerned. These 
remarks apply to direct radiation only from an unclouded 
sun. A considerable amount of indiveet radiation may 
be received from the sky and from clouds. 


SUMMARY 


Intensities of direct solar radiation at wave lengths 
0.504 and 0.324 were measured at Tucson, Ariz., over a 
period of 29 months, from February, 1930, to June, 1932, 
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inclusive. Intensities are reported for the hours 9:00 a.m., 
12:00 noon, and 3:00 p.m. under an unclouded sun. Aver- 
age intensities are plotted in absolute units; also in relative 
values at the two wave lengths. The curves show strik- 
ing fluctuations at irregular intervals and marked depar- 
tures from the curves, which should be observed if the 
declination of the sun were the only variable factor. 
Maximal intensities at both wave lengths occur, on the 
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Figure 4.—Illustrating the marked variations in intensity of solar radiation (upper 
three curves), also the general lack of correlation of radiant intensity with sun-spots 
and various meteorological phenomena. 


average, from one to two months earlier than the summer 
solstice, seemingly because of a midsummer decrease in 
radiation coincident with the rainy season. Minimal 
intensities are observed at the winter solstice, as expected. 
Large day-to-day variations in intensity occur at both 
wave lengths. In general these variations show very 
little correspondence with either sun-spot numbers, 
absolute humidity, air temperature, or barometric pres- 
sure, considered separately. 

Pettit has demonstrated a striking correspondence 
between sun-spot numbers and the intensity of solar 
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radiation above the atmosphere at wave length 0.32,. 
No such correlation is found for radiation after passing 
through the atmosphere above Tucson. Haze in the 
lower atmosphere usually is accompanied by somewhat 
lowered radiation values. In the practice of heliotherapy. 
it is important to recognize the probability of frequent 
intensity variations of eth Eros magnitude. Only a 
very rough prediction of radiation values on any given 
day can be made by reference to average values previously 
found. Accurate dosage can be determined only from 


CHANGES IN THE SOLAR 
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radiation measurements made at the time of exposure of 
the patient. 
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CONSTANT OF RADIATION 


By Prof. Dr. Franz Baur 
[Staatl. Forschungsstelle fiir langfristige Witterungs-vorhersage, Frankfurt on the Main, Germany, February 14, 1932] 


SYNOPSIS 


In the first part (A) of this paper it is shown that even the latest 
solar constant observations of the Smithsonian Institution con- 
tains a 12-month period, and that its course is exactly the reverse 
of what it was before the alteration was made in the formula 
used for the determination of the transparency of the atmosphere. 
In the second part (B), the changes in the solar constant from 
1919-1932, according to Abbot’s measurements, are recorded 
against the sun-spot changes. It seems that the changes in the 
solar constant are neither parallel to nor opposed to those of the 
sun spots. But the highest values of the solar constant appear 
chiefly to occur between the maxima and minima of sun spots, 
whilst the lowest values occur near the extremes of sun-spot 
activity. An attempt is made to explain this. In the third part 
(C) of the work it is pointed out that a similar relationship exists 
between certain weather phenomena and sun spots. 
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FIGURE 1.—Five-year averages of tne mean monthly values of the solar constant, 1919- 
1923. Circles indicate averages of observed values; the dotted line is a sign curve of 
approximate fit through these values 


A. THE ANNUAL VARIATION OF ABBOT’S SOLAR CONSTANT 


In the following, only the large changes of the solar 
constant, as expressed in the monthly means, are con- 
sidered. 

C. F. Marvin’ proved, as is known, that in the monthly 
means of the values of the solar constant of 1919 to 
duly, 1924 (according to Abbot and his fellow workers), 
a definite 12-month periodicity occurs. From this it 
must be concluded that the values estimated by means 
of a so-called “‘short method” (in use since 1919) are 
also still affected by terrestrial influences. Since Abbot, 
however, has reckoned’ the transparency of the atmos- 
phere, using his short method (since 1925 according to 
a new formula), the question arises as to whether the 


1C, F, Marvin, Monthly Weather Review 53 (1925), p. 301. 
. ?C. G. Abbot, Gerlands Beitriige zur Geophysik 16, 1927, pp. 362 and 363. 


disturbing effects of terrestrial conditions on the measure- 
ments thus have been eliminated. 

The recent publication® of the monthly means of the 
solar constant values from 1919 to 1930 does not show 
whether or not the former values have been adapted to 
the new formula for the determination of the trans- 
parency of the atmosphere. But Abbot says in this 
work that the best values are those from January, 1924, 
onward. He evidently assumes that the beginning of 
the year 1924 marks a break in the homogeneity of the 
measurements. I examined therefore the annual varia- 
tion of the solar constant separately for the periods 
1919-1923 and 1924-1930. The result is shown in 
Figures 1 and 2. It is seen that in the period 1924-1930 
an annual variation also occurs which can readily be 
shown by a sine curve. But the course of the annual 
variation in the second period of time is exactly the 
reverse of that in the first. 

On the other hand, it also becomes apparent, from the 
comparison of Figures 1 and 2, that the amplitude of the 
annual changes in Abbot’s solar constant since the use 
of the new formula has become smaller. Of course, this 
lessening of the annual amplitude is probably chiefly 
caused by the standard deviation of the monthly means 
in the solar constant values in the period 1924-1930, 
being in itself smaller than that in the period 1919-1923. 
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FIGURE 2.—Seven-year averages of the mean monthly values of the solar constant, 1924- 
1930. Circles indicate averages of observed values; the dotted line is a sign curve of 
approximate fit through these values 


In the following summary the size of the annual change, 
2 by means of the difference between the mean 
value of the six months from September to February 
and that of the six months from March to August, 1s 
compared with the size of the standard deviation in the 
corresponding period of time as well as with the pre- 
sumably accidental annual change in the relative numbers 
of sun spots. 


* Smithsonian Misc. Collect. 85, No, 1. Washington 1931, 
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The amount of the difference stated was: 


Period Solar constant Sun spots 
0.007 gr cal cm-? min-!=0.5760" 4.9=0.20 o’,. 


o’ and o’, in the above stand for the standard devia- 
tions of the monthly means of the solar constant values 
and sun-spot relative numbers, respectively, in the period 
1919-1923; o’’ and o’’, for the corresponding standard 
deviations in the period 1924—1930. 

It is apparent from the above table that the annual 
change in the solar constant is considerably greater than 
that in the sun-spot relative numbers. (The average 
annual variation of sun-spot relative numbers is, by 
the way, also much less regular than that of the solar 
constant. ) 

The result of this investigation is that even in the latest 
solar-constant measurements of Abbot and his associates, 
the earth also plays a part, though this effect is somewhat 
smaller, since the use of a new empirical relation for the 
determination of the transparency of the atmosphere. 
The fact that the annual variation of the solar constant 
which still occurs after the use of the new formula is in 
inverse ratio to the annual variation of the transparency 
of the atmosphere, encourages us to hope that by corre- 
sponding theoretical and empirical investigations we shall 
soon so improve the formule required that no systematic 
annual variation will any longer exist. 


B. SOLAR CONSTANT AND SUN SPOTS 


The fact that terrestrial influences affect solar-constant 
measurements reduces the value of the comparison of 
these measurements with the course of the sun spots, 
since we do not know exactly what part the actual changes 
of the solar constant have in the observed variations. 

Still, such a comparison with the new solar-constant 
values, if one deals with them in a suitable manner, has 
considerably more meaning than was the case with the 
values obtained according to the old Langley method 
(before 1919), which were affected in a much higher de- 
gree by terrestrial influences. Since the difference, 

etween September to February and March to August 
amounts to only a fraction of the standard deviation of 
the monthly means of the solar constant values, there 
must, therefore, be contained in these a considerable part 
of the actual changes of the solar constant.‘ If one does 
not wish to make use at once of annual means, the annual 
variation can be eliminated very simply by forming half- 
ae means from January to June and from July to 

ecember. The average difference between I to VI and 
VII to XII, in the period 1919 till 1923, as well as 1924- 
1930, was less than 0.0005 gr cal cm—* min —'. 

The changes of the haltieniiy means of the solar 
constant from 1919-1931 are set over, in Figure 3, 
against the half-yearly means of the sun-spot relative 
numbers for the same period. From this diagram it is 
obvious that no linear relationship exists between the 
solar constant and sun spots. 

Numerically this can be seen from the correlation 
coefficient between the monthly means of the solar con- 
stant and those of the contemporaneous sunspot relative 
numbers. This correlation coefficient is for the whole 


* The following may serve for comparison. If the change of a quantity in time can be 
apeeed by means of a pure sine oscillation with a period of one year in length, then the 
difference between the mean value of the 6 highest and 6 lowest monthly means is 1.8 


times as great as the standard deviation of the monthly means. 
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period 1919-1930, +0.11+0.08, but for the period 1924— 
1930, —0.23+0.10. (The given errors are mean errors.) 
The same correlation pees ih are obtained if one 
inserts in place of the observed monthly means of the 
solar constant values, monthly means corrected for 
annual variation. It is apparent from the smailness of 
the correlation coefficients, together with the fact that 
the sign of the coefficient in the part period is different 
from that in the whole, that there is no linear relation- 
ship between the two quantities. 

the other hand, from Figure 3 there seems to be a 
connection in the sense that the solar constant shows 
values below normal both near a sun-spot minimum and a 
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Fiaure 3.—Values of the half-yearly means of the sun-spot relative numbers of Abbot’s 
solar constant, 1919-1931 


sun-spot maximum, and highest values in the years between 
these extremes. The small secondary maximum in the 
year 1927 and in the first half of 1928 probably is to be 
explained by the fact that the intensity of the last sun- 
spot maximum was very slight, and the maximum had 
no single highest point. Even in the half-yearly means 
of the sun-spot relative numbers, three maxima are 
clearly perceptible. 

Whether the lowest values of the solar constant really 
occur as a rule near the sun-spot extremes, and the highest 
values between them, or whether this occurrence belongs 
just to the period 1919-1931, can be determined only by 
many more years of observations of the solar constant. 

Should further observations prove the connection, 
supposed to exist from the evidence of the measurements 
of 1919-1931, to be an actual one, then the following 
explanation could be given with the help of some plausible 
assumptions. 

Let us assume solar radiation into space in all helio- 
graphic latitudes and longitudes to be equal, then the 
solar constant J, is proportional to the radiation A, 
issuing from the sun as a whole. This emission A, 
stands to the radiation A, of the photosphere in the 


relation 
A, = Ay (1-n) (1) 


in which 7 is that fraction of the photospheric radiation 
which returns from the solar atmosphere to the photo- 
sphere.*® 
It can readily be supposed that the photospheric 
radiation in general increases with the increase of sun- 
spot activity. The fact that the matter composing the 
sun spots is cooler than that of the undisturbed photo- 
sphere is not opposed to this supposition, for the sun- 
spots comprise only a very small part of the solar surface. 
It is however highly probable that during intense activity 


5 The supposition is, of course, in reality wrong. It was only made for the sake of 
simplicity. The thing itself is not essentially changed through the presence of local 
differences; only in this case A, and A, must be regarded as sums over all the surface 
elements of that half of the sun turned toward the earth. 

6 Cf. F. Baur, ‘‘ Zeitschrift fiir Astrophysik,” vol. 3, p. 29. 
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matter is brought to the radiating surface from the 
depths of the sun in quicker succession, and therefore 
the surface is on the whole hotter than at the time of 
less intense sun-spot activity. This idea is supported by 
the fact that increasing frequency of the hot sun faculae 
accompanies increasing sun-spot activity. (The corre- 
lation coefficient of the annual means of the sun-spot 
relative numbers with the simultaneous sun facule 
relative numbers in the period 1887-1930 amounts to 
+0.89+0.03). If this be so, then a linear stochastic 
relation between A, and the sun-spot relative numbers f 
can be supposed, as follows: 


E (Ap) =a + def (2) 


in which a, and az are positive.’ 

Almost parallel with the sun spots however, the calcium 
flocculi, as well as the bright and dark hydrogen flocculi, 
also change in quantity and intensity. In particular, the 
correlation coefficient of the monthly means of the char- 
acter figures of the latter with the simultaneous sun-spot 
relative numbers, amounts, in the period January, 1928, 
to September, 1931, to +0.74+0.07. We shall hardly 
be wrong if we draw the conclusion that there is also a 
dependency of » on the sun spots in the sense that 7 
increases also with increasing solar activity. If this con- 
nection is also linear, then 


E (n)=bi+ (3) 


in which again }, and 6, are positive, and, further, be- 
cause also and <1. 
From (1), (2), and (3) it follows that 


E (As) =e, +f 
and therefore 


E (hh) + (4) 


The dependency of the mathematical expectation of 
the solar constant J, on f can also be shown by a parabola. 
If ie < me which since b.< 1 is easily possible, then C, is 
positive, and then the apex of the parabola lies between 
f=0 and f=max. 

The phenomenon that the lowest values of the solar 
constant occur in general with the extremes of the solar 
activity, the highest values on the contrary in between, 
can therefore be explained by the two suppositions that 
A, and also » increase linearly with the sun spots. If the 
stochastic me rw (2) and (3) are not linear, then 
the right-hand side of (4) becomes a parabola of a higher 
order. Then several maxima of J, can lie between f=0 
and f= max. 


C. SUN SPOTS, SOLAR CONSTANT, AND WEATHER PHENOMENA 


For the actuality of the supposed approximately para- 
bolic relationship between sun spots and solar constant, 
that is, that this relationship is not peculiar to the period 
1919-1931 but is an essential property of the sun-spot- 
solar constant phenomenon complex, regarded as a 2- 
dimensioned collective object, we have the evidence that 
extremes of the same kind of numerous meteorological phe- 
nomena are to be found near the sun-spot extremes, and 
the opposed (but among themselves also of the same kind) 
extremes between, and they are of such a kind that these 
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changes could be explained by the occurrence of the 
lowest values of the solar constant at the time of the sun- 
spot extremes and of the highest values in the years be- 
tween. I shall deal with this in greater detail in an article 
in the ‘Zeitschrift fir angewandte Meteorologie.” In 
the following, only two of the above-mentioned phenom- 
ena from the history of the weather of Central Europe 
will be briefly dealt with. 

If of the severe winters of Central Europe of the last 
200 years, we consider the 10 severest, characterized by 
their mean temperature in Berlin of at least 4° C. below 
the average long period value,® we find that they are 
distributed over two narrow sections of the sun-spot 
cycle—of from 0.2 year before to 1.3 years after the maxi- 
mum and of from 0.7 year before to 1.7 years after the 
minimum of sun spots. If the probability of the occur- 
rence of a very severe winter with a negative temperature 
deviation of at least 4° C. in Berlin for all parts of a sun- 
spot cycle, were equally great, then the probability that 
10 such winters would fall quite accidentally on the nar- 
row sections referred to of altogether only 3.9 years, 


would be 
(a 


This probability is of the order of magnitude 10~°, so 
that we could suppose that the observed distribution of 
the ten severest winters within the sunspot cycle is not 
accidental and that therefore the probability of the occur- 
rence of this sort of winter is not equally great in all parts 
of the sun-spot cycle. 

Of course, there have also been severe winters beyond 
the neighbourhood of sun-spot extremes, and mild winters 
within, since the occurrence of severe or mild winters does 
not alone depend on the solar constant, but very con- 
siderably on the preceding terrestrial weather conditions. 
It seems, however, the necessary terrestrial conditions 
being fulfilled, a winter in Central Europe will be specially 
severe if it falls at the same time in the proximity of a 
sun-spot extreme, that is to say, if, according to our sup- 
position, the solar energy received by the earth is below 
normal. 

This can be explained by the fact that, other conditions 
being equal, the subtropical high-pressure belt is less 
strongly developed and extends less further polewards 
with solar constant below normal. Thus arises the ten- 
dency to the occurrence of a relatively low pressure near 
the Azores and in southwest Europe, which favors a flow 
of cold air from North Russia towards Central Europe. 
Besides this, the actual deficit in insolation also adds to 
an increase of the cold. 

If we assume that the solar constant in the years lying 
between the sun-spot extremes is increased, then the fact 
can also be explained that by taking the average of all 
the years in the 100-year period 1831-1930, occupying 
the same position within the sun-spot cycle, two distinct 
maximum values of summer atmospheric pressure result 
and, similarly, two distinct minimum values of the quan- 
tities of summer precipitation for Central Europe, two 
years before the maximum and minimum of the sun spots, 
respectively (fig. 4). Other conditions being equal, an 
increase in the solar constant must create a bulge pole- 
wards of the subtropical high-pressure belt, especially in 
the summer months, in the geographical longitudes which 
in the Tropics and subtropics have the largest land masses. 
To such iemlasonenia of the subtropical high-pressure 


7 Regarding the meaning of the mathematical symbol E, see Baur, F. Korrelation- 
srechung, p, 12, Leipsic and Berlin, 


§ These winters are: 1739-40, 1783-84, 1788-89, 1798-99, 1799-1800, 1804-5, 1822-23, 1829-30, 
1837-88, 1928-29. 
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belt, Central Europe chiefly owes its summers, whilst 
without them the geographical conditions of Central 
Europe would favor and wet summers. 

There are naturally here also many exceptions, since 
foregoing terrestrial conditions also play an important 
part oy character of summer weather. It is, however 
worthy of note that of the 16 summers of the perio 
1831-1930 which show, on the average, out of 25 Central 
European stations a deficit of precipitation of over 50 
mm, not a single one fell in the two parts of the sun-spot 
cycle in which, without exception, the 10 severest winters 
of North Germany occurred. Fifteen of the 16 very dry 
summers of the period mentioned fell in the two narrow 
sections of from 2.6 to 0.6 year before a maximum and of 
from 2.2 to 1 year before the minimum of sun spots. The 
probability that the 15 very dry summers fell quite acci- 
dentally in these sections out of altogether 3.2 years, is: 


3.2 7.9 
W=16 i1.1 

This probability is of the order of magnitude 107’. 
That these striking facts have hitherto remained unrecognized 
is because almost all investigators who have dealt with 
the relations between solar phenomena and terrestrial 
weather phenomena have sought after contrasts between 
years rich and poor in sun spots, respectively. The esti- 
mations of the solar constant hitherto obtained render it 
apparent, that little is to be gained at least for the tem- 

erate zone by seeking for such contrasts. On the other 
Saad, it is very important for the understanding and 
explanation of weather phenomena, on the whole, to show 
that in the case of many meteorological elements, two 
maxima and two minima occur within the sun-spot cycle 
corresponding to the two highest and the two lowest 
values of the solar constant within the sun-spot cycle. 

In view of the foregoing facts and the results arrived 
at by observations of the solar constant, it is curious that 
in the Tropics a far-reaching parallelism exists between 
the course of the temperature and the sun spots. The 
correlation coefficient of the annual mean of the tempera- 


ture (Apia +Colombo), together with the succeeding 


annual mean of the sun-spot relative numbers taken from 
July to June, amount in the period 1890-1920 to —0.64 
+0.10. Since there is between solar constant and sun 
spots no linear connection, as we have seen, we must, to 
explain this phenomenon, assume that it comes to pass 
indirectly, in that the emission of the sun changes in a 
limited, perhaps very small spectral region parallel or 
opposite to the sun spots, and this changes the trans- 
parency of the terrestrial atmosphere. 


ADDENDA 


After the conclusion of the foregoing paper, Doctor 
Abbot pointed out to me that he had already, in 1925, 
ps come the view that the 12-month periodicity of the 
solar constant shown by Marvin did not really exist, but 
was in truth an 11-month period. 

Even if no physical reasons can be given for the oc- 
currence of an 11-month period, yet the possibility of 
such can not be disputed off-hand. I have made there- 
fore the following investigation in order to settle the 
question whether the annual variation which shows itself 
in the measurements of the solar constant is in reality a 
12- or 11-month period. 
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I divided the whole period under investigation (1919- 
1930) into 4 equal parts, each containing 36 a 
mean values of the solar constant, and reckoned for eac 
the amplitude and the phase of a 12-month trial period 
by the Fourier method. Then I divided the period 1919- 
1929 into 4 equal parts, each with 33 monthly mean 
values, and reckoned for these in similar manner the 
amplitude and phase of an 11-month period. I obtained 


the following amplitudes r (in i x08 er cal ) and phases ¢: 


12-month period 11-month period 
r r 
of oF 
| | 4.4 92 44 I 1919-IX 4.0 140 
+ 2.9 65 18 || X 1921-VI 4.3 353 15 
2.9 245 61 VII 1924-III 3.7 354 23 
3.6 313 2 IV 1927-XII 1929_......- 4.6 359 18 


Years before and after sunspot Min. and Max. 


Before After Before After 
4 
8 
Departures of the-Summer pressure 
in Berlin in mb. 1831-1930 
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Departures of the summer precipitation 
in Central Europe (25 stations) in ~ 
b/sg.m. 1831-1930 


FIGURE 4.—Average values of summer atmospheric pressure (in millibars) and pre- 
cipitation in Central Europe during the sun-spot cycle. (Regarding the construction 
pity mone | see Astrophysikalische Zeitschrift, vol. 4, No. 3, 1932. The curves are 

smoo 


The fact that the amplitudes of the 11-month period 
are for the most part larger than those of the 12-month 
period, as also the further fact that the phases of the 
11-month period are practically of equal size (especially 
those of the last three periods) supports the theory of the 
existence of a true 1l-month period. If such a period 
existed, then by taking only a few years, a 12-month 
period might, it is true, seem to exist, and, the reversal 
of the course of the annual variation in two succeeding 
periods of from 5 to 7 years, as set forth in section A of 
the foregoing paper, could be explained. Then, however, 
the phase of a trial 12-month period (in absence of other 
changes) would have to increase equally from one sub- 
period to the next. But that, as the above figures show, 
is not at all the case. The irregularities may possibly 
be explained in part by the occurrence of other changes. 
But the fact that the difference of the phase between the 
periods 1922-1924 and 1925-1927 amounts to almost 
exactly 180°, appears, however, to indicate a true 12- 
month period, which, as a result of the already-mentioned 
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alteration of the formula used for the determination of 
the transparency of the atmosphere, was reversed in its 
course. 

Summarizing these considerations, we can say that 
from the data at hand it can not be concluded with cer- 
tainty that an 11l-month period exists. For this the 
material available is too scanty. So long, however, as 


1932 


the 11-month period can not with certainty be proved, 
it is more reasonable to interpret the facts of observation 
as an annual variation resulting from terrestrial influ- 
ences, where the discontinuity of 1925 is caused by the 
alteration in the reckonlng of the transparency, than to 
assume an 11-month period for which there is no physical 
explanation whatsoever. 


THE CHANGE OF HUMIDITY INCIDENT TO A THUNDERSTORM 
By W. J. Humpsreys 


Anyone who has seen sheets of rain in a thunderstorm 
vanish wholly before reaching the surface, as they often 
do in an arid region, and who also has experienced the 
drop in temperature that accompanies the rain when it 
does fall to the ground, is quite ready to believe that the 
relative humidity must increase with the onset of such a 
shower. And this is just what does happen as the books 
tell us and the records show. 

But how does the absolute humidity, more important 
than relative humidity in some respects, change with the 
progress of the storm? The answer to that question, 
which has been raised in connection with certain lightning- 
protection —E is not in the books, nor in the 
journals either, so far as I could find in a brief search. 

ecourse therefore was had to original data. Mr. G. E. 
Dunn, of the forecast division of the Weather Bureau, 
selected for me a number of typical heat thunderstorms 
and an equal number of cold-front storms. Then the 
automatic humidity record of each of these, extendin 
from before its beginning to after its close, was looke 
up by the division of climatology, Mr. J. B. Kincer in 
charge. 

It was found that (1) in heat thunderstorms the abso- 
lute humidity increases with the onset of the rain by, 
say, 15 to 20 per cent, or, roughly, 1 grain of vapor per 


cubic foot, or 2% grams per cubic meter, and (2) that in 
cold-front thunderstorms the absolute humidity decreases 
in more or less the same proportion, that is, in the order 
of 1 grain of vapor per cubic foot. 

The obvious explanations of these phenomena are: 

a. In the case of the heat thunderstorm, since the 
absolute humidity of the air is approximately the same 
on all sides of it, therefore the evaporation of the falling 
rain necessarily increases the vapor density, as does 
also the contraction due to decrease of temperature, 
above that either before the onset of the shower or a 
while after its passage. 

b. The distribution of the absolute humidity about 
the cold-front thunderstorm, however, is quite unequal. 
It is much greater in the warm air in front of the storm 
than it is in the cold air to the rear. Here, although the 
absolute humidity of the air through which the rain is 
falling necessarily is increased, by virtue of the evapora- 
tion that occurs and the decrease of temperature, this 
gain ordinarily is not enough to raise the vapor content 
of the oncoming air up to, much less above, that of 
the warm humid air in front of the squall. Hence, in 
the cold-front thunderstorm the absolute humidity 
generally decreases with the onset and progress of the 
storm. 


WEATHER TYPES OF THE NORTHEAST PACIFIC OCEAN AS RELATED TO THE 
WEATHER OF THE NORTH PACIFIC COAST 


By Taomas R. 
(Weather Bureau, San Francisco, Calif., 1932] 


The weather —- of the northeast Pacific Ocean are 
so closely related to the general wind systems of that 
region that any discussion of them must be predicated on 
an understanding of what these wind systems normally 
are and the changes in weather types that changes or 
disruptions in the normal wind systems bring about. 
These wind systems correspond in a general way to those 
found in similar latitudes in the North Atlantic Ocean 
and may be inferred from the so-called centers of action 
with which they are associated. One of these centers of 
action is the semipermanent high which is usually at its 
maximum between northern California and Hawaii, and 
the other is the semipermanent low usually somewhere 
to the northwestward of it. The low reaches its maxi- 
mum development in winter when the wind systems 
which accompany it are strongest. The high reaches 
its maximum in summer due in part to the accumulation 
of air ejected from the continents of the northern hemi- 
hemisphere at that time of year. 

It is sometimes convenient to refer to these so-called 
centers of action as though they were causative and re- 
sponsible for the wind systems about them, but for 
practical purposes such as weather forecasting or the 


analysis of weather types it is helpful to recognize them 
more often as effect than cause and to see in them the 
indirect but substantial evidence of the set and strength 
of the accompanying wind systems. In the words of Sir 
Napier Shaw— 


Instead of looking to the centers of high and low pressure as 
controlling powers, 1 should propose to regard them as created by 
the distribution of currents which they have been supposed to 
control. * * * Thus in the free air low pressure and high 
pressure, depression and anticyclone, are the marginal effects of 
the flow of an air current in order to adjust the gradient to the 
current; the particular shape and intensity of the low and high are 
conditioned by the distribution of currents in the field.! 


When the high is of ordinary or more than ordinary 
strength, the orientation of its major axis is the best clue 
to the classification of the prevalent weather type. When 
the high is insignificant, the predominant set of the isobars 
in the low has to be relied on for this purpose. Similar 
logic governs the interpretation of the weather chart in 
either case, for whether we are looking at the axis of the 
high or, in its absence, at the general trend of isobars in 
the low, we are interpreting the pressure situation which 


1 Quarterly Journal of the Royal Meteorological Society, Oct. 1931, pp. 460, 463. 
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each reveals in terms of air flow. In this sense the 
isobaric chart is fundamental and must remain so until 
some better way is devised for divining the set and 
strength of the great air streams whose marginal phenom- 
ena in the form of traveling depressions are largely deter- 
mined, as to type and movement, by the parent streams. 
This system of classification is admirably adapted to 
weather types of the northeast Pacific Ocean for two 
reasons: (1) Because the relative uniformity of tempera- 
ture and equality of level of the oceanic surface permit 
the isobars to reflect in significant degree the strength 
and direction of the major air streams in the lower 
and (2) because many of the depressions 
charted over the northeast Pacific Ocean are high-level 
(occluded) cyclones whose fronts and discontinuities 
because they exist aloft, can be located only by inferences 
from the surface weather map. 

Granting that a classification of weather types accord- 
ing to the direction of flow of the major air streams is 
sound and practicable, it is necessary to adopt a terminol- 
ogy suited to such classification, and to meet this demand 
the language of Abercromby is acceptable. It will be 
remembered that he classified England’s weather accord- 
ing to the orientation of the isobars on the synoptic chart 
using the cardinal points of the compass as designators. 
This plan is well suited to present-day application, 
especially in the region under discussion; for while Aber- 
cromby’s classification applied specifically to the types 
of weather affecting the British Isles, it rests on a concep- 
tion that is susceptible of much broader application and 


which can well be adapted to areas of greater extent,’ 


especially to oceanic areas where the flow of air masses 
is unimpeded by topographic obstructions and surface 
discontinuities of temperature. Furthermore, the suita- 
bility of Abercromby’s point of view is rendered more 
conspicuous by the recognition that it evolved from a 
contemplation of weather types indigenous to a meteoro- 
logical domain quite similar to ours, the region under his 

urview fronting on an ocean to the westward in like 
fatitades from which most of its weather changes are 
derived. Weather forecasters on the Pacific coast of 
North America are in a strikingly similar situation, mete- 
orologically speaking, and may well profit from the fertile 
observations of this astute explorer. 

Abercromby’s types were four in number, Southerly, 
Westerly, Northerly, and Easterly Had his forecast 
district been larger or lain in more southerly latitudes it is 
probable he aa have found the addition of at least one 
more type desirable. As it was, the four mentioned were 
sufficient, and he considered that for his present purpose 
“‘a more minute classification would be remature.”’ 
(Ibid, p. 39.) They are not, however, sufficient for a 
classification of weather types of the northeast Pacific 
because they ignore two types of importance, one of 
which—the Southwesterly e—exceeds all others in 
prevalence and persistence. But with the addition of 
this and one other, viz., the Northwesterly Type, Aber- 
cromby’s types suffice. 


THE SOUTHWESTERLY TYPE 


The Southwesterly Type, which takes precedence 
because of its prevalence and persistence, may be con- 
sidered to represent the normal or characteristic trend of 
air mass movement over the northeast Pacific Ocean and 
to correspond in its domain with Bergeron’s scheme of the 


? Principles of Weather F by Means of Synoptic Charts. B 
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general circulation of the atmosphere. In this t the 
two so-called centers of action are oftenest found in the 


positions assigned to them on the mean pressure charts 
of the North Pacific Ocean. One is the Aleutian low and 
the other the North Pacific high. The low extends most 
frequently from the region of the Alaskan Peninsula 
southwestward to the Asiatic coast. The high extends 
from the California-Oregon coast southwestward to and 
sometimes beyond the middle ocean. It will be noted the 
type derives its name from the direction of the major axes 
of the —_ and low, which are preponderantly in a north- 
east-southwest direction. The trend of air movement 
between these two axes must necessarily parallel them and 
be from the southwest, and the air flow thus predicated 
probably constitutes the largest persistent interzonal air 
mass movement to be found in the northern hemisphere. 

This type, because of its stability and unmistakable 
earmarks, affords the clearest and surest evidence of any 
on the west coast of the coming weather. The high is the 
distinguishing feature and serves as the best index to the 
type. Migratory depressions on its polar side travel 
northeastward to the British Columbian or Alaskan 
coasts where they die due to the obstruction to cyclonic 
circulation interposed by the high mountain ranges fring- 
ing the west coast of our continent. Such depressions 


usually reappear somewhere to the eastward, but they 
seldom cross the mountains intact. The pi wind 
systems originating or maintaining them do, however, 


ass over the mountain ranges and reappear as surface 
ows beyond. ‘The top,” to quote a phrase of Maj. E. 
H. Bowie, is “sheared off” and passes on, later to appear 
at the surface somewhere over the continent, while the 
low-level vortex with its oftentimes violent cyclonic cir- 
culation remains west of the mountains and soon fades 
away. This routine is so habitual with storms of the 
Southwest Type that it has engendered the epigram “the 
Gulf of Alaska is the graveyard of depressions.”” Bergeron 
described it as a region of “‘frontolysis,’”’ but this is not 
strictly true, because the fronts presumably exist aloft and 
pass inland, later to be identified on the synoptic charts 
as lows of Alberta or Plateau origin. This is an important 
point for the forecaster to understand, because the appear- 
ance of the low “inside” is often a precursor of the de- 
cadence of the one at sea. Hence, although a very deep 
vortex may linger over the ocean, and barometric ten- 
dencies on the coast give very dubious indications of its 
coming demise, if a surface low is seen to be forming inland, 
the weather in coastal sections which may have been 
quite stormy is fairly certain to moderate. 

It is interesting to note that early forecasters on the 
Pacific coast believed that storms of this type hit the 
coast and “rebounded,” later to appear and make another 
try. This view arose from insufficient observational 
material to the westward. With the advent of the twice- 
daily pressure charts of the northeast Pacific, its fallacy 
was revealed. What might formerly have appeared as a 
recrudescence of the original depression is usually shown 
by the ocean charts to be the wd es are of a new one in 

e series. Sometimes, it must be admitted, depressions 
follow each other in such rapid sequence that even charts 
at 12-hour intervals are scarcely adequate for their 
detection. 

Depressions occurring with this type are usually 
elliptical, sometimes circular, but seldom V-shaped. The 
appearance of a V-shaped depression is most likely to be 

e signal for a change in type to west or northwest. © 


The sequence of weather in depressions of the South- 
is practically the same as that incidental 


westerly 


~ 
< 
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to depressions of the Southerly Type, and corresponds well 
enough, in coastal regions at least, with Abercromby’s 
description to make a reproduction of his words per- 
missible: 

To the single observer the sequence of weather in this (the 
southerly) type is very simple. As atmospheric pressure falls, 
temperature rises, and the sky grows dirtier, till drizzling rain sets 
in. The wind from some southerly park having backed slightly, 
rises in velocity till the barometer reached its lowest point; 
as soon as pressure begins to increase, the wind veers a little toward 
southwest and gradually falls, the air becomes cooler, and the sky 
begins to clear; but it rarely becomes hard, or contains firm cumulus. 
By next day perhaps the same sequence is repeated, varying only 
in intensity but not in general character, and this alternation often 
lasts for weeks at a time. (Ibid. p. 41.) 

But while the weather under the governance of the 
cyclone is similar to that prevailing in the Southerly 

pe, it does not prevail over so extensive an area. 
Cyclones belonging to the Southerly Type, according to 
our classification, would usually affect the weather of the 
entire coast from central or southern California to British 
Columbia, whereas those appearing with the Southwest- 
erly Type affect the weather in the higher latitudes only, 
leaving the region below the fortieth or even the fiftieth 
parallel under the influence of the “southwest high”’ and 
experiencing diametrically opposite weather from that 
revailing to the northward. Indeed, as has been said 
Lele, the existence of this high-pressure system is the 
conspicuous feature of the type. In winter its head is 
oftenest found on the coast somewhere between the 
thirty-fifth and forty-fifth parallels; the weather on its 
northern side is mild and cloudy and subject to inter- 
mittent cyclonic régimes; that on its southern side is 
settled and cool. In summer its point of maximum pres- 
sure is always at sea and no portion of it ever invades the 
continent below the fortieth parallel. It is character- 
istically migratory in winter, with its favorite region of 
ingress over northern California and Oregon. In summer 
it is found only over the ocean, except for an occasional 
invasion of a narrow section of the north Pacific coast, 
whence offshoots from it sometimes manage to overrun 
the northern States or Canada. 

It is essentially a mechanically induced high in winter, 
the phenomenon of Humphreys’ “mechanical squeeze,” * 
produced by the southwest current on its poleward side 
and the northeast trades on its equatorial side. In 
summer thermal considerations are paramount. For 
these reasons it can be remarkably mobile in winter, but 
is very sluggish in summer. enever it invades the 
continent, either in winter or summer, it tends to produce 
a continental type of weather on its southern side. 
Ordinarily the ocean exercises a profound influence on 
Pacific coast climates—it is wholly in control west of the 
Coast Range and its sway is more or less apparent as far 
inland as the summits of the Cascade and one Nevada 
Mountains or even beyond. Upon the invasion of the 
“southwest high,’”’ however, the oceanic influence dwin- 
dles and sometimes wri yO even to the coastline itself, 
and continental control becomes supreme. Thus it is 
that opposite effects may be ascribed to this high in 
opposite seasons—in winter it is associated with cold 
weather on its southern side, and in summer with warm. 
(Lows occasionally form on its southern side, and these 
are classified as a subtype of the Easterly Type and are 
discussed thereunder). 

The most remarkable characteristic of the Southwest 
High is its tendency to intensify over the western high- 
lands in winter where it may lose its mobility and stagnate 


* Physics of the Air, 2d edition, W. J. Humphreys, p. 192. 
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for days at a time. Henry has christened this phase of it 
the ‘‘Great Basin Anticyclone.” * The Rocky Mountains 
together with oppositely directed currents in the free air, 
are its progenitors, the mountains in this case taking the 
role of a northerly countercurrent at their own level and 
contributing to a “‘mechanical squeeze” in the lower 
troposphere that has no yielding on its continental side. 
The pressure necessarily tends to build up west of the 
Rockies so long as a south or southwest current runs to 
the westward of them. This process when supported by 
appropriate countercurrents at higher levels produces the 
Great Basin Anticyclone. It may be further augmented 
on occasion by rapid radiation from the mountains and 
plateaux, especially when these are snow covered, so that 
very remarkable barometric pressures may be reached, 
subsequently to be maintained for sometime after the 
predisposing causes in the free air have relaxed. 

A condition precedent to the breakdown and scouring 
out of the Great Basin Anticyclone is a shift in the free 
air winds; they must change from a south or southwest 
quarter at sea to a west or northwest quarter. The signal 
for such a shift is often a rise in pressure over the middle 
or upper latitudes of the middle ocean. If a high appears 
over those regions with the major axis in a northwesterly 
direction, it is a sure precursor of the disappearance of the 
Great Basin High. The deflective horizontal force of the 
earth’s rotation is acting on the air currents implied by 
the new régime more or less tangentially to the axis of the 
great western cordillera, instead of at right angles to it, 
and air accumulation against them instead of being fos- 


‘tered is denied. (Example: Maps of January 4-12, 


inclusive, 1932.) 
SOUTHERLY TYPE 


This type might in many instances be fairly well de- 
scribed as the ‘“‘Southwesterly Type with the high left 
out.’’ In other words, the low-pressure area covers prac- 
tically the whole ocean while the high-pressure area 
appears over the continent with the isobars trending 
north and south. Individual disturbances developing in 
the low-pressure field under these circumstances travel 
almost due north, the predominant air currents being 
from the south. Abercromby, in conformity to doctrines 
of his day, referred to those in the Atlantic as “‘beating 
up”’ against the high European pressure and either dyin 
out or being “‘repelled.’’ His observations on the genera 
character of the Southerly Type show that generically it 
is the same for both oceans: In it he found that ‘‘the 
Atlantic anticyclone extends very little to the northward, 
while a large area of high pressure covers Europe to the 
east and southeast of the United Kingdon. The North 
Atlantic is occupied by a persistent area of low pressure 
in which cyclones are constantly being formed. * * *.”’ 
(Ibid., p. 40.) 

As previously suggested, had Abercromby’s attention 
been fixed on the coasts of Spain or Morocco, he might 
have found that what appeared to the northward as 
ostensibly a southerly type was related in lower latitudes 
to a wind and weather situation more closely approxi- 
mating the southwesterly type, so commonly a feature of 
the Pacific Coast and Ocean. The essential difference 
between the Southerly and Southwesterly types, so far as 
their effect on the weather of the far western portion of 
the American Continent is concerned is this: The South- 
westerly Type, generally speaking, implies contrary 
weather conditions on the north and south sides of the 


a pri. 5% Anticyclone of the Great Basin, AlfredJ. Henry. Monthly Weather Review, 
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high pressure head, i. e., moist to the north with tempera- 
tures under oceanic control, and dry to the south with 
temperatures reflecting continental control; whereas the 
Southerly Type implies oceanic control for the whole 
coast with rains covering those sections overlain by the 
rim of the cyclone and mild temperatures everywhere 
the rule. 

The prevailing air movement in the Southerly Type 
being from the south, eastward movement of cyclones is 
frustrated. Hence if the low-pressure field does not im- 
pinge on the coast, the type may be a dry one for the 
far western United States and even for British Columbia. 

Before leaving the Southerly Type mention should be 
made for two points in common with Abercromby, both 
of which have been alluded to in the discussion of the 
Southwesterly Type. They are brought up again because, 
as has been said, his Southerly Type doubtless merged 
into something akin to our Southwesterly Type on num- 
berless occasions. He says, “* * * it is somewhat 
rare for the center of a cyclone to reach over these islands, 
so that, generally, Great Britain is on the rim or edge of 
either a cyclone or anticyclone.”’ (Loc. cit., p. 40.) 
This corresponds with the observed facts on this coast, 
that cyclones belonging to the South and Southwest types 
do not cross the coast line: They move parallel to it in 
the Southerly T and disintegrate as they reach it in 
the pe stn Abercromby says further that ‘V- 
shaped depressions are not common with this (the 
southerly) type.” (Ibid, p. 40.) This also agrees with 
observations of the Southerly Type out here. Indeed it 
may be said that V-shaped depressions do not occur in 
the Southerly Type at all. Their appearance, as in the 
case of the Southwesterly Type, would most likely be the 
harbinger of a change in type. 

This statement, however, must not be understood to 
exclude the phenomenon of the station “trough”; it 
applies solely to the traveling ‘“‘V.” The station 
trough is a peculiarity of the Southerly Type. When it 
lies some distance off the coast, the weather throughout 
the Far West is invariably dry. When it lies along or 
near the coast the weather is rainy and more or less 
stormy over the coastal sections and occasionally over 
the entire Far West. The trough is prolific of relatively 
small and quick-moving lows which generate in its lower 
end and travel northward. Sometimes they are clearly 
discernible on the weather chart, but often are revealed 
mainly by their effects—warm rains, short-lived south- 
erly blows, and very marked fluctuations in the barome- 
ters. A clue to the formation of a new low in the bottom 
of the trough is found in the following events: if the low 
that has already formed there and moved northward 
begins to fill up while barometric pressure in the lower 
end of the trough remains substantially the same, a new 
low is certain to develop in the lower end of the wo x 
and repeat the routine of its predecessor. (Example: 
Maps of December 15-17, inclusive, 1931.) 


WESTERLY TYPE 


Abercromby found that 


in this type the tropical belt of anticyclones is constantly to the 
south of Great Britain and the pressure to the east, west, and 


especially the north, comparatively low. Under these circum- 
stances, cyclones are developed on the north side of the Atlantic 
anticyclone, which roll quickly eastward along the high-pressure 
belt, usually dying out after they have been detached from the 
Atlantic anticyclone in their eastward course. Their intensity, 
and er the weather they produce, may vary almost in- 
definitely. , p. 45.) 
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This is in accordance with observations of the Westerly 
Type in the Northeast Pacific. In particular it is to be 
noted that Abercromby found the cyclones occurring 
with it to be quick-moving, eastward-moving, varying 
greatly in intensity, and tending to die out over the con- 
tinent. Self evidently, with the general trend of air cur- 
rents from west to east as prescribed by the lay of the 
isobars, cyclones would be required to travel eastward. 
Their speed of travel, too, consistent with this type of 
atmospheric circulation, needs no labored explanation. 
The type lends itself also to the development of a vari- 
ety of traveling depressions—circular, elliptical, and V 
shaped, which, in turn, hold forth varied possibilities as 
to size, intensity, and incidental weather conditions. 
Their ‘‘dying out” as they pass eastward may conceiv- 
ably be the European counterpart of their tendency in 
our parts to break up sania coastal mountains. 

The effect of Westerly Type depressions on the weather 
of the Pacific Slope has been described as ‘‘tapering.”’ 
That is to say, their maximum effect is nearest the cyclone 
path, usually near the international boundary or north 
of it, while precipitation and wind taper off to the south- 
ward. Northern districts may get almost continuous 
unsettled, rainy weather, with only a brief intermission 
between one storm and the next, whereas in southern dis- 
tricts the rainy régimes are relatively short and separated 
by well-marked periods of bright weather concurrent with 
shifts in the wind from southerly to northerly quarters 
and conspicuous fluctuations of temperature in conform- 
ity therewith. In other words, while northern districts 
are almost continuously in the belt of low pressure and 
its eastward-moving depressions, southern districts are 
almost continuously in the belt of high pressure which 
suffers inflections of varying degree as the traveling de- 
pressions pass along it on the northern side. However, 
rains in the Westerly Type lows do run well to the south 
on many occasions, whereas in the Southwesterly Type 
they are prohibited from doing so. 

V-shaped lows and their complement phenomena, 
wedge-shaped highs, are features of the Westerly Type, 
although, as has been said, any kind of depression may 
be fostered in it. These, however, seem to be a peculiar- 
ity of the Westerly Type and of no other. Their behavior 
is inclined to be very regular, so that if the lines of 
trough and ridge at sea are accurately charted the progress 
of both can be timed with fair precision and their arrival 
on the coast successfully anticipated. Though both tend 
to lose identity on the weather chart after reaching the 
coast, their ume wind systems remain in force, and sub- 
sequent weather will reflect in the degree that orographic 
features allow the passage of both trough and ridge aloft. 
(Example: Maps of December 22, 1931-Jan. 2, 1932, 
inclusive.) 


NORTHWESTERLY TYPE 


This type, although not comprised in Abercromby’s 
classification, is an important one in our ocean. It 
marks a thoroughgoing departure from those which have 
been discussed and exercises a profound, though transient, 
effect on the weather of the far western portions of our 
continent. Consider what its appearance implies. We 
have seen that the Southwesterly Type represents the 
customary condition of air flow in the area under review, 
with its most prominent accompaniment and index the 
high-pressure system on its equatorial side, the major 
axis of which lies in a southwesterly direction somewhere 
between our coast and Hawaii. Now picture this 
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entire system of air circulation and therefore of pressure 
as having turned clockwise through an angle of approxi- 
mately 90° and you will have an idea of what is meant by 
the Northwesterly Type. 

Admitting that the Southwesterly is the normal 
one for this ocean, we can perhaps view the Southerly 
and Westerly types as merely modifications of it, whereas 
the Northwesterly Type marks its complete breakdown 
or displacement. The high-pressure system off the 
California coast has left its accustomed locus and re- 
appeared with its crest far to the westward and its major 
axis pointing toward the northwest, perhaps touching the 
Aleutian Islands or even reaching into Bering Sea. Often 
it lies in the form of a crescent, one horn near the Aleutians 
and the other near the central or southern Pacific coast. 
Depressions, usually elliptical, that are found on its 
continental side travel eastsoutheast and in winter visit 
the entire coast with rain. The weather-temperature 
contrasts provided by the front and rear of such depres- 
sions are more marked than in cyclones associated with the 
types previously discussed—the wind-shift line is sharper 
and the fall in temperature attendant upon the veering 
of the winds more pronounced. The type terminates in 
one of two ways—it either reverts to the southwesterly 
by a counterclockwise turning of the whole system 
(in which case the reversion is often sudden, difficult to 
predict, and presaged only by rising barometers on the 
Oregon-California coast), or else the high-pressure field 
drives in behind the eastward-moving low (frequently 
the last one of a series) giving fairly good warning of this 
action by the regular eastward progression of the ridge. 

A singular and important function of the North- 
westerly Type, and one already alluded to, is the in- 
variable premonition it gives of the destruction of the 
Great Basin Anticyclone if one exists. No matter how 
intense or persistent this anticyclone may be, it yields to 
the stress of the Northwesterly Type: usually the dissolu- 
tion os at once and is completed in the space of one to 
three days. (Example: Maps of January 10-13, 1932, 
inclusive; also October 21-24, 1931.) 


NORTHERLY TYPE 


_ The Northerly Type is the converse of the Southerly 
Type and the attendant weather conditions are alike an- 
tipodal. In this type the pressure is high at sea and low 
over the continent and the isobars run parallel to the coast. 
It is a very familiar summer condition, at which time it 
represents a phase of the more or less permanent thermal 
effect arising from the difference in temperature between 
the warm continent and cool ocean. en it appears 
at other seasons of the year it is more likely to imply the 
operation of dynamic factors which display themselves in 
unsettled and changeable weather, the most capricious to 
which the west coast is subject, and characterized by 
rapid alternations between rain and frost. It is prolific of 
shows in mountains and plateaux and these often extend 
into foothill sections. Temperatures are persistently 
below normal, sometimes dropping to the zero mark in 
the Great Basin and its contiguous highlands in winter. 
The type may occur at any time of the year, but is com- 
monest (summer time excepted) in the spring. Its sin- 
gular and noteworthy feature is the ease with which (in 
winter) depressions form on the periphery of the high, i. e., 
on or near the coast. It has been remarked that, with the 
Southwesterly Type, cyclones disintegrate on striking the 
coast, and the monotony of this routine has given birth to 
the apothegm that “the Gulf of Alaska is the graveyard 
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of cyclones.” A diametrically opposite chain of events is 
associated with the Northerly Type. Under its sway the 
Gulf of Alaska, or at least that portion of it near the east- 
ern Alaska and British Columbia coasts becomes (in win- 
ter) the birthplace of lows. Lows not only form near the 
coast line, but are often bisected by it. Presumably in 
winter, when the Northerly Type is presiding, the north- 
erly air currents running at sea conspire with the mountain 
ranges paralleling them on the left to abet the formation 
of depressions, whereas the air currents running at sea in 
connection with the South and Southwest Types invoke 
the opposite effect. The deflective force arising from the 
earth’s rotation tends in one case to cause a rise in pressure 
west of the mountains, while in the other case the same 
defiective force tends to a fall. Hence, in winter the 
Northerly Type is prolific of small depressions on or west 
of the eastern Alaska and British Columbia coasts. In 
spring the depressions form oftenest over the western 
plateau. In summer, as has been said, the type is mainly 
a thermal phenomenon, and although dynamic factors 
sometimes are of sufficient strength to initiate lows of 
the winter type they encounter difficulties, as the thermal 
stratification prevailing at that season is hostile to cyclone 
development. The type sometimes occurs in the autumn, 
but is rare. 

The type presents much in our domain that Abercromby 
found in his. He speaks of the low-pressure area over 
northern and central Europe, while this type is in com- 
mand, as the theater of formation “‘of an incessant series 
of cyclones. The centers of these cyclones always lie to 
the east of Great Britain, but modify our weather by their 
approach or recession.” He also observed that type 
is most common in winter and especially in the spring 
months, notably in March; while it is very rare during the 
autumn.” (Ibid., pp. 52-53.) 

The type is very conspicuous and the behavior of the 
depressions incident to it fairly easy to predict, although 
before the era of vessel weather reports there was much 
that seemed mysterious about the formation and move- 
ment of Northerly Type lows. With no knowledge of 

ressure conditions at sea it was not understood why some 
ows, after appearing over the far northwest, would run 
toward the south and others toward the east. The ocean 
weather chart has removed to a large extent these perplex- 
ities, and it is now easy to understand why, when the 
major axis of the oceanic high parallels the coast line, lows 
on the eastern periphery of the high travel southward. 
(Example: Maps November 24-27, 1931, and December 
9-12, 1931.) 


EASTERLY TYPE 


This type is doubtless less common to the northeast 
Pacific than to the northeast Atlantic. Abercromby 
found it “much more common than the Northerly,” but 
this does not seem to be true for our waters. The topog- 
raphy of our mountainous western coast is probably the 
principal hindrance to its development, although it is 
undeniably an occasional and very conspicuous feature 
of our winter weather. It is prevented from developing 
at all in summer by the sen hinel impediment of west 
coast mountain ranges and continental temperatures. 
In its purest form it represents the antithesis of the 
Westerly Type, which is to say that the belt of high 

ressure usually lying just north of the Tropic of Cancer 

as disappeared and been replacedyby a,low-pressure 


lane, while a belt of abnormally high pressure is charted 
to the northward in latitudes more often frequented by 
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the “cyclone lane” of the Westerly Type. This pressure 
distribution obviously connotes an atmospheric circula- 
tion abnormal to the latitude and one which must be 
exceedingly difficult to maintain. This fact makes its 
occasional persistence the more remarkable. It some- 
times develops as the dénouement, so to speak, of the 
Northerly Type, in which case the oceanic high pressure 
system overruns western Canada while a series of depres- 
sions form on its southern side, often in the vicinity of 
Vancouver Island, and travel south or southeast. Its 
classical form, however, implies a westward flow of Arctic 
air across the high natural barriers interposed by the 
British Columbia and Alaska Mountains. Such a floe, 
of it succeeds in crossing the mountains, must encounter 
further vicissitudes in the form of relatively warm Pacific 
waters. Nevertheless it sometimes is strong enough to 
negotiate both and push westward over the Gulf of Alaska 
and accasionally beyond. The region to the southward 
then becomes one of cyclogenesis, and latitudes ordinarily 
occupied by the Pacific anticyclone become the theater 
in which a string of depressions form and travel eastward. 
These depressions give the Pacific Slope south of Cape 
Mendocino the wettest, stormiest weather to which it is 
ever subject, while the region to the northward is visited 
with the bitterest cold. Indeed, the Easterly Type is 
emphatically the cold wave type for the Pacific North- 
west, and when it merges into a Northerly Type the cold 
will travel southward and ultimately reach the Mexican 
border, for the reason that such an eventuality is con- 
current with the formation of a depression in the angle 
formed by the ef Fe belt where it turns southward 
along the coast. This depression, as it moves southeast- 
ward, is followed by frigid Arctic air, which under other 
types of atmospheric circulation has difficulty crossing 
the mountain barriers and invading the south Pacific 
Slope. (Example: Maps December 14-24, 1924.) 


Depressions of this kind are especially interesting as 
illustrating the part played by mountain ranges in their 
origin. In this respect they are akin to lows which form 
on or near the coast line during a northerly régime, the 
difference being that winds inducing lows in the Easterly 
Type blow across the ranges instead of parallel to them. 
Strong easterly winds in the free air over the Pacific 
Coast are frequently the precursors of falling pressure at 
sea and ma — the forerunners of cyclone formation in 
the lee of the mountain systems over which they pass. 
When the Easterly Type merges into the Northerly, 
conditions are extremely favorable for a cyclone to 
develop in the angle formed by the southward bending 
isobars off the British Columbia Coast. Sometimes a 
family of depressions will be propagated in this region 
before the enveloping high closes in behind them and 
ends the series. It is, of course, the closing in behind the 
final low that brings the cold weather to the southern 
coast. 


It is not invariable for lows of this category to form 


over the North Pacific Coast; they may with equal facility — 


form over the Great Basin in the lee of the Rocky Moun- 
tains, but this is a spring rather than a winter contin- 

ency. Probably in the spring as many form there as 
fostinn west. It has been noticed, however, that lows of 
Great Basin origin belonging to this type are preceded by 
westerly winds aloft over the southern sectors, countering 
the easterlies in the free air farther north. This pre- 
sumably is also a requirement for the formation of similar 
depressions off the coast, but observations of upper winds 
offshore are lacking. 
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Lows of like origin sometimes form over the southern 
California coast on the tropical side of an overrunning 
southwest high, or they may lodge there after running 
south along the eastern flank of a north-south high 
which, after their passage, presses inland over the Pacific 
Northwest in a quasi-enveloping movement. In either 
event the wind structure attending the southwest low 
is essentially the same, i. e., there are strong north veering 
to northeast winds aloft over the central portions of the 
Pacific Slope which are presumably countered by south- 
westerlies aloft over northwestern Mexico and the adja- 
cent ocean, the latter being clearly implied by ree a 
data from American sources near the Mexican boundary. 
So long as this wind structure persists cyclonic conditions 
persist in the Far Southwest, perhaps with brilliant 
weather prevailing simultaneously from central California 
to British Columbia. 

This régime is properly an Easterly subtype, even 
though it develops under a Southwesterly Tyr e high. 
The weather on the poleward side of the high belongs to 
the Southwesterly classification, while the weather on the 
equatorial side of the high has indubitable, albeit small 
scale, Easterly characteristics. Before the day of regular 

ilot balloon runs in this region these (subtype) Easterly 
ows were often perplexing. Their advent seemed fortui- 
tous and their demise conjectural. But the clues afforded 
by free air data recently available have removed much of 
this uncertainty. A rule established by these data is: Do 
not predict clearing weather in southern California while 
upper winds north of the thirty-fifth parallel are strong 
from the northeast. (Example: February 13-19, 1932.) 
It is perhaps pertinent here to note that when the re- 
uisite counter-currents are lacking, the type of pressure 
istribution just described (an overrunning southwest 
high) produces, through the agency of the seaward mov- 
ing air across the mountain ranges in its path, low pres- 
sure along or near the southern coast, but without cyclonic 
developments. Thus, as the high builds up over the 
Great Basin, the pressure falls to the southwest of it and 
a trough forms which gradually pushes northward from 
the region of Baja California to higher latitudes. The 
falling pressure in its turn requires a descent of the out- 
flowing air of the high, which, warming dynamically as 
it descends, produces abnormally warm weather in the 
California lowlands. This is the typical “hot spell” 
weather type in California in the spring and fall. The 
high temperatures prevail everywhere at such times, and 
there is no difference between the interior and the imme- 
diate coast, the tempering oceanic influence being entirel 
annulled. It should be recognized, in contemplating this 
phenomenon, that the air employed to produce the hot 
weather in the low lands is not necessarily surface air to 
begin with; that is to say, it is not necessarily an outflow 
from the cold substratum of the Great Basin high (which 
is largely precluded from draining away by the mountain 
ranges in its path), but may be air of relatively high initial 
temperature drawn from the inversion above. 

In conclusion, brief reference to the late summer and 
early autumn cyclones indigenous to the waters south and 
west of Baja California is kr saree since these disturb- 
ances often have a moribund effect on the weather of the 
Far Southwest. Their habit is to move northward onto 
the continent somewhere below the#Mexican boundary, 
whereupon they rapidly disintegrate although recognizable 
in the peculiar ‘‘dry-season”’ rains for which they are 
accountable in southern California. Until quite recently 
the origin of-these rains was not suspected, but now thanks 
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to radiographic weather reports from ships off the west 
coast of Mexico their source has been determined. Even 
so the problem of forecasting them is fraught with diffi- 
culty due to the inadequacy of observational material 
from the Mexican mainland. If observations from a 
denser meteorological net covering the states of Baja 
California, Sonora and Sinaloa, were available, the diffi- 
culty would be substantially reduced. (Examples: Sep- 
tember 18-19, 1929; September 29—October 1, 1931.) 


THE REMARKABLY HEAVY PRECIPITATION AT HENDER- 
SON LAKE, VANCOUVER ISLAND, BRITISH COLUMBIA 


By F. Napier DENISON 


Henderson Lake is situated on the west coast of Van- 
couver Island, a short distance from Barkley Sound, and 
at the western entrance of the Alberni Canal, which is a 
natural channel almost cutting this island in two. 

This lake is 20 miles in length and from one-half to a 
mile in width and lies in a northwest to southeast direc- 
tion. The rain gage is installed at the Dominion Fish 
Hatchery at the north end, and is close to a high mountain 
situated to the north and east of the station. 

Though our records show an average annual precipita- 
tion on the west coast of this island of over 100 inches, it is 
interesting te note that at Henderson Lake, which is 
situated a little more inland, the average annual precipita- 
tion during the past eight years was about 250 inches. 

The general heavy precipitation on the west coast 
is naturally much greater at the north end of Henderson 
Lake owing to its close proximity to a high mountain. 

These precipitation observations were started in Janu- 
ary, 1923, and in order to show to what extent they ex- 
ceeded the rainfull at a normal west coast site in the same 
vicinity, the annual precipitation is shown below for 
Clayoquot and Henderson Lake for the past eight years. 


DeEcEeMBER, 1932 
Annual precipitation 

Clayo- | Hender- | Differ. 

Year quot Lake] ence 

Inches Inches Inches 

100. 280. 78 180. 48 
87. 06 251. 30 164. 24 


From the above figures it will be noted that there is 
a difference of 164 inches between these stations. 
Although the precipitation at Henderson Lake was above 
280 inches upon three of these years, we must bear in 
mind that this period is part of a very dry cycle on 
this coast, as is evident from the fact that the Clayoquot 
records, which extend back to 1901, show 149 inches in 
that year and 147 inches in 1902, and from that date to 
1911 an almost steady decrease to a minimum of 92 
inches. There was then a rise to 1914, from which 
date to 1921 the yearly average rainfall was 124 inches. 

From these Clayoquot figures it would appear that 
during the past wet periods on the west coast the pre- 
cipitation at Henderson Lake must have exceeded 300 
inches, and that it is probably the wettest recording 
station on this continent. 

The following shorter period falls as derived from the 
Henderson Lake records are also of interest: The heaviest 
daily fall was 16.61 inches on December 30, 1926. The 
heaviest monthly fall was 79.45 inches in December, 
1923. The heaviest fall in two consecutive months was 
131.98 inches in December, 1923, and January, 1924. 

During the first four months of 1931 the total precipi- 
tation at Henderson Lake was 154.89 inches. 


SNOW ROLLERS 


By D. REED 
{Weather Bureau office, Des Moines, Iowa, January 14, 1933] 


“‘Snow rollers’”’ formed during the night of January 26, 
1932, in west central Iowa and were reported from 
Bagley, Coon Rapids, Stanhope, Laurens, and numerous 
other localities in southern and western Greene County. 

They are balls or rolls of snow formed by the wind, 
ranging in size from eggs to small barrels, and of such 
loose and fluffy material that they fall to pieces when 
one attempts to pick them up. In some way the wind 
starts a small mass of moist snow rolling along over 
the snow-covered ground. This mass, at first roughly 
spherical, gains by accretion of other snow and, if the 
wind is sufficiently strong, soon acquires the form and 
size of a lady’s muff. "The ends usually are hollowed 
out funnel shaped and sometimes a hole extends clear 
through lengthwise, though small at the center. From 
the point of origin to the finished roller there is a distinct 
and widening track of snow depletion 20 to 100 feet long. 
From the hilly country south of Coon Rapids some rollers 
were reported as large as barrels, but, for the most part, 
the larger ones were somewhat smaller than that. These 
made “‘many pastures and fields look as if a host of 
fairies had rolled thousands of big snowballs during 
the night.”” Near Laurens “the balls piled up in places 
so that a man could not walk among them.” 

In most of the area where these snow rollers formed 
there was at sunset of January 25 a hard crust or deposit of 
old snow ranging from 1 to 20 inches in depth. Moist 


snow or snow and rain fell during the night, with the 
surface temperature slightly above the freezing point. 
The snow continued on the 26th until about 4 or 5 p. m. 
and amounted to from 2 to 4 inches. At 7 a. m. (nine- 
tieth meridian time), January 26, the barometric center 
of a storm was between North Platte, Nebr., and Good- 
land, Kans., but it moved rapidly northeastward and 
passed, between noon and 2 p. m., directly over the area 
where the snow rollers formed. It was attended by 
moderate shifting winds, mostly from the southeast 
through south to west, during the early part of the night 
of the 26th-27th and to northwest with increasing 
strength during the early morning of the 27th. The 
rollers formed while the wind was from the west and the 
temperatures were falling rapidly, 17° to 23°, and reach- 
- Salf to 15° above zero Fahrenheit by the morning of the 
27th. 

_ This phenomenon has been observed, though but rarely, 
in many of the Northern States. It may escape notice in 
and near towns where it could be mistaken for the work of 
children. Photographs of snow rollers at Canton, N. Y., 
were published in the Monthly Weather Review, Febru- 
ary, 1907, volume 35, page 71; also in the issue for July, 
1906, volume 34, pages 325-326. Brief accounts appear 
also in the December, 1895, number, volume 23, page 465; 
January, 1898, volume 26, page 20; March, 1899, volume 
27, page 100. 
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Upper: Snow rollers of all sizes from eggs to barrels. Center: Snow rollers, some conical. Bottom: Large snow roller 
with hollowed end. All photographs 1 mile west of Scranton, Iowa, by A. E. Adams 
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WEST INDIAN HURRICANES AND OTHER TROPICAL CYCLONES OF THE NORTH 
ATLANTIC OCEAN 


By C. L. 


The tracks of tropical cyclones of the North Atlantic 
Ocean for the years 1924-1932, inclusive, are shown in 
Charts 1-4. These tracks, together with the tables below, 
are ey ar to supplement, and to bring down to date, 
similar figures and tables in Supplement No. 24, Montuiy 
WeaTHER Review, 1924. The three classes of tropical 
cyclones are as follows: 

1. Storms of known hurricane intensity (with winds of 
at least 60 miles per hour reported). 

2. Storms whose intensity is in doubt because of an 
insufficient number of reports. 

3. Storms known to be of less than hurricane intensity. 


Yearly Frequency 


The number of tropical storms of the North Atlantic 
Ocean for each year of the period 1887-1932 is shown in 
the subjoined table: 


Of these 298 tropical storms, 173, or 58 per cent, 
occurred during the first 23 years of the period covered, 
and 125, or only 42 per cent, during the second 23 years. 
For the whole period an average of 6% storms occurred 
per year, but during the last 23 years this number was 
reached or exceeded only seven times. Grouped in 
— of 5 years each (omitting 1932) the numbers are as 
ollows: 


The average number of storms for each 5-year period 
did not vary materially, except that there was a large 
excess during the period 1887-1891 and as great a defi- 
ciency during the period 1917-1921. 


Monthly frequency of West Indian hurricanes and other tropical 
storms of the North Atlantic Ocean (1887-1932) 


May ; June | July | Aug. | Sept.| Oct. | Nov.| Dec. —_ 
Number of storms_....._.._- 2 19 19 54 99 81 22 2 298 
1 6 6 18 33 27 8 
Storms 
Not of 
hurricane] Total 
intensity intensity 
5 7 10 22 


PRELIMINARY STATEMENT OF TORNADOES IN THE UNITED STATES DURING 1932 


By Rosert J. MartTIn 
[Weather Bureau, Washington, January 28, 1933] 


In keeping with the custom of recent years, a prelim- 
inary statement of loss of life and ae go damage by 
windstorms during the year is included in the December 
issue of the Ruvinw. A final and more detailed study 
probably will be made during next summer. Practically 
all of the information given in this summary is abstracted 
from the monthly Review tables of “Severe Local 
Storms” which are compiled from the reports of many 
observers and of the various section directors of the 
Bureau. 

tx March was the month of the — loss of life and 
property damage, although the figures given have been 
exceeded in other years and months. In May, 1927, 
there were 54 tornadoes with 233 deaths; in June, 1928 
there were 71 tornadoes, and March of 1925 exceeded 
March of 1932 in deaths. The loss of life for 1932, 391, 
was considerably below that for 1927, when 540 fatalities 


157950—33-———3 


were reported, and far below 1925, when 794 deaths were 
attributed to windstorms. 


TORNADOES AND PROBABLE TORNADOES 


q 

Sleis 
7 38} 8} 18} 2 6 125 
21 10] 4,648} 137] 66) 246) 1, 4| 42) 75}....| 65) 7,005 


TORNADIC WINDS AND POSSIBLE TORNADOES? 


1 In thousands of dollars. 


2 Some of these may not be classed as tornadoes in the final study, 
3 Damage estimated at ‘‘many thousand dollars.” 
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THE WEATHER OF 1932 IN THE UNITED STATES 


By Rosert J. Martin 


The year 1932 averaged slightly above normal in tem-frand Missouri Valleys, was dry. The greatest deficiency 


perature although it was considerably cooler than 1931. © 


Comparison of the tables of monthly and annual temper- 
ature departures for the two years shows that only in the 
South Atlantic States and the Florida Peninsula was 
1932 warmer than 1931; in some other districts 1932 
averaged as much as 4° cooler than the preceding year. 

March, October, and December were the months of 
1932 averaging below normal. Of these, March had the 
greatest negative departure, and was below normal in 
nearly every district east of the 110th meridian. January 
was the month with the greatest temperature variation, 
the departures ranging from +12.6° in the Middle Atlan- 
tic and lower Lake districts to —5.2° in the middle 
Plateau. Only May and August were warmer than the 
corresponding months of the preceding year, and in these 
instances the departures were less than 1°. The northern 
Plateau district averaged nearest the normal in temper- 
ature; the south Atlantic the warmest, and the southern 
Slope and middle Plateau were the only districts below 
the annual average. _ 

Precipitation was abundant in the east Gulf, Florida 
Peninsula, and southern Slope in 1932. The east Gulf 
excess was nearly 10 inches, the wettest months, compared 
with normal, being January, September, October, and 
December. In contrast, the central part of the country, 
notably the upper Lakes, Plains States, upper Mississippi 


for the year, however, occurred in the middle Pacific 
district, where the total was 10 inches below the average 
annual fall. 

For the United States as a whole, January, June, 
August, October, and December were the months wetter 
than normal, but in no instance did the excess average 
more than 0.7 inch. The driest months, compared with 
normal, were April and July. In April nearly all districts 
were below normal and the departures were small; in July 
the Atlantic coast, south of New England, and the east 
and west Gulf coasts had rather large negative departures, 
while other sections were near or somewhat above the 
monthly average. October was the month of greatest 
relative change, from —0.4 inch in 1931 to +0.7 m 1932. 

When the tables of monthly and annual precipitation 
departure for the two years are compared it is seen that 
the south Atlantic district was 13.5 inches wetter in 1932 
than in 1931 and the east Gulf 19.5 inches. The upper 
Mississippi and Missouri Valleys, the northern and middle 
Slopes, southern Plateau, and the middle and southern 
Pacific districts were far drier than in the preceding year; 
the difference in the middle Pacific region amounting to 7 
inches. The accompanying charts based on reports from 
some 200 stations show temperature and precipitation 
departures in the United States for the year 1932. 


TaBLE 1.—Monthly and annual temperature departures, 1932 


District January | February} March || April May June July | August eee October neve as al Average 

New +10.8 +2.0 —0.8 -—0.1 +1.3 —0.3 —0.6 +2.5 +1.4 +2.7 —0.1 +4.7 +2.0 
Middle Atlantic +12.6 +6. 6 —2.3 -.9 —.2 +.5 +.2 +2.0 +1.3 +1.3 —1.0 +3.4 +2.0 
+10.2 +7.8 —2.0 +.7 —.5 +1.0 +3.0 +11 +.5 +1.0 —1.4 +4.9 +2.2 
+5.5 +6.8 —1.6 —.3 +.7 +2.5 +.7 +1.1 +1.5 —2.2 +4.4 +1.6 
+7.3 +8.9 +1.4 +1.1 +2.5 +1.0 -.1 —4,.1 +3.0 +1,1 
+4.5 +8. 2 —4.8 +16 +.1 +1.2 +1.8 +1.7 -.1 —3.6 —3.3 +.5 
Ohio Valley and +10.0 +8.7 —5.4 -0 +1.6 +1.0 +1.0 +.4 -.9 —2.5 .5 
+12.5 +6.7 —3.5 —2.6 +.3 +1.0 —1.0 +2.0 +1.0 1.5 —2.0 +2.8 Th 
+10.7 +6.5 —3.5 +1.4 +2.8 +.9 +3.0 +.6 —.8 —2.4 —.4 
North Dakota- +4.8 +5.7 —3.8 +3.7 +2.2 +4.6 +2.5 +3.1 +.5 —4.6 —.8 +.9 1.8 
Mississippi +7.6 +8. 2 —6.0 +.9 +18 +3.2 +1.9 +1.2 -10 —2.0 —3.3 9 
+14 +7.5 —5.6 +3.4 +2.6 +2.6 +3.0 +2.3 -.2 —2.1 —1,.2 —2.6 +.9 
—1.2 +4.9 —5.2 +2.4 +2.4 +2.0 +2.7 +2.3 +10 —2.8 —6.3 
—.8 +8.1 —6.0 +3.2 +2.5 +.6 +3.6 +2.2 +.1 —1.6 2 —5.6 5 
+.4 +8. 2 —4.4 +1.9 —.2 +.3 +.8 +1.0 —2.8 —2.1 -17 —5.1 -.3 
—3.9 +1.8 +.5 +1.6 +.9 +1.1 1.6 +2.4 .0 3.0 -3. 8 4 
—5.2 —3.0 +.3 +.3 +17 +1.4 +.7 8 +3.4 +.2 5 —7.5 3 
Northern —2.0 —2.9 -1.2 +.9 +.4 +2.7 —.5 +.3 +2.3 +1.1 +3.7 —5.2 
—.8 —.6 +1.6 +11 +.6 +19 +1.6 2.2 3.0 -3.1 .6 
—1.4 -—1.2 +2.7 —.6 +1.0 +15 +.4 +.9 +3.2 T33 —4.5 
—16 +.4 +3.5 +1.6 +14 +.3 —-1.5 +.7 +1.2 +6.1 —2,1 
+3.9 +4.7 —2.5 +.9 +.9 +11 +1.4 +.9 —.3 .0 +.9 


Annual Temperature Departures (°F.) in the United States, 1932 


I. 


1 
i 
; 
ace 
é 
é 


“(—=) ys | | 
) sso0xe MOUS pepeys | | 
ose. 
| | 


| 


December, 1932. M.W. R. 


ure 


Lx—100 


SEG UI seinziedeg [enuuy ‘J 


VA 

—_ 


on 
“(—) suoysod pepyysuy | 


Sp 


December, 1932. M.W.R. 


DrcemBER, 1932 MONTHLY WEATHER REVIEW 255 
TABLE 2.—Precipitation departures, monthly and annual, 1932 
District January March || April May June July | August October | Novem- | Decem- gum 
+1.1 -1.2 +0.7 —1.0 -0.7 +0. 2 —0.2 +1.5 1.7 +1.3 +0.8 
+1.0 —1.3 +1.7 —-1.0 —-.1 —1.6 —-1.7 2.7 +2.4 —.3 -.1 
-.1 -1.2 +.5 —1.0 —.2 +2.3 —2,4 —1.1 +.1 +3.3 +.4 +2.3 
Florida Peninsula. —.4 -.9 —.2 +4.6 +1.3 —4.3 +6.0 —1,2 +3.2 +12 —14 +7.2 
+2.1 —1.4 -.7 —1.4 +1.5 +.3 —1.3 +15 +2.7 +4.3 +2.0 +9.5 
+4.0 +1.5 —.4 —.6 —-1.7 —.6 .0 +2.1 —-1.3 —1.6 +.8 +1.5 
Ohio Valley and Tennessee_-_-_........-- +2.2 —.5 —.3 —.8 —2.2 +.6 +.4 +.4 +.7 +1.2 —.4 +1.3 +2.6 
+15 —.8 —.2 —.5 —.4 —.5 +1.3 .0 +.2 +.2 
Upper - +.7 —.3 —.3 -.9 +.2 —1.3 +.7 +.3 —1.6 +1.1 —.5 +.2 —1.7 
—.2 —.2 —.2 +.6 .0 +.3 —.6 -.5 —.9 +.6 —.2 —.4 —1.7 
Upper Mississippi +.6 —-.3 —.4) —.9 —-1.2 —.2 -.3 +2.1 -.1 +1.2 —1.6 
2 +.4 —.7 —.5 -.9 +.3 -.7 +1.0 —1.6 —.4 —.6 +5 —3.9 
Northern Slope................... —.1 —.4 +.1 +.5 —.4 .0 -0 +.4 —.8 +.4 —.3 —.2 —.8 
+1.0 —.2 —.5 —-1.3 +2.8 —.6 +.3 —.9 —.6 +.6 
+.4 +.6 —.2 —.4 +2.0 +1.2 —.2 +1.5 +4.6 —14 +.7 +8.1 
—.3 +.4 —.4 -.1 +.2 +.2 .0 .0 +.5 +.7 —.5 0 +.7 
-.1 -0 —.4 -0 —.2 +.6 +.2 +.2 —.5 -.5 —.6 +.1 
—.2 —.4 +.9 —.2 +.2 —.7 -.1 -.3 -.7 —.4 +.3 —.5 —2.1 
—.8 —.6 +1.9 +.5 —.7 +1.2 +.1 —1.6 +.2 +2.4 —.6 +1.4 
—1.6 —2.2 -.1 0 —.3 .0 —.6 —1.0 —1.3 —1.0 —10.0 
—.2 +1.6 —-1.6 —.6 —.2 0 .0 .0 —.2 -.8 —.3 —2.4 
United +.5 —.4 —.1 —.5 -.1 +.2 —.5 +.5 -.1 +.7 .0 +.1 +.3 
\ 
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Anwendung der Optik triiber Medien. 3. Beleuchtung 
inhomogener, gekriimmter Schichten. Theorie des Purpur- 
lichtes. p. 351-361. figs. 23cm. (Helvetica phys. acta. 
v. 5, fase. 5.) 

International geodetic and geophysical union. 

Annales de la commission pour |’étude des raz de marée. 

Paris. 1932. No. 2. 156 p. figs. pl. 25% cm. 


Jagsich, Juan. 

El encadenamiento de los fenémenos climatolégicos Sudameri- 
canos. Cordoba. 1931. 76 p.* figs. 26% cm. (De la 
Rev. Univ. nace. Cérdoba. Afio 18. Nos. 9-10. Nov.— 
Dic. 1931.) 

Pick, W. H. 
hort course in elementary meteorology. 3rd. ed. (rev.) 
London. 1930. 127p. figs. pl. 24%cm. (M. 0. 247.) 
Reed, T. E. 
orest fires and weather in Massachusetts during 1930. n. p. 
n. d. 52 p. (incl. pl.) 29% em. [Manifolded.] (Pre- 
pared in cooperation with the U. 8S. Weather bureau.) 
Samuels, L. T. 

Meteorological conditions during the formation of ice on air- 
craft. Washington. 1932. 20 p. tables. pl. 26% cm. 
(Tech. notes Nat. adv. comm. for aeron. No. 439.) 

Schoonover, Warren R., & Brooks, F. A. 

Smokiness of oil burning orchard heaters. Berkeley. 1932. 
67 p. illus. 23% cm. (Univ. Cal. agric. exp. sta. Bull. 
536. Aug., 1932.) 

Slettenmark, Gustaf. 

En nederbérdsmatare av ny typ. [Norrképing. 
1932.) 8 p. illus. 20% cm. (Stat. met.-hydrog. anst., 
Stockholm. 8.) 

Young, Floyd D. 

How and when to protect your grove against damage by 

freezing... p.9%-1l. illus. 26% em. (Citrus leaves. v. 
12, no. 12. Dec., 1932.) 
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SOLAR OBSERVATIONS 
e SOLAR-RADIATION MEASUREMENTS DURING DECEMBER, health conditions throughout the country coincident 
oy a982 at any rate with an increase in the amount of ultra-violet 
hed By Invine F. Hanp, Assistant in Solar Radiation Investigations radiation received. 
For a description of instruments employed and their 
he : : exposures, the reader is referred to the January, 1932, TaBLE 1.—Solar-radiation intensities during December, 1932 


[Gram-calories per minute per square centimeter of normal surface] 


REVIEW, page 26. Washington, D. C. 


Table 1 shows that solar-radiation intensities averaged 


<a slightly above normal values for December at Wash- : 
ing ton; slightly below at Lincoln and considerably 
elow at Madison. 
. received on a horizontal surface at all stations with the aes ee 
exception of Madison, Twin Falls, Idaho, and Miami. 75th boon 
Table 3 shows low turbidity values for the three days time amu P.M pao 
tions of this character were made during the fore part ol a0} 20 | 

a of the month due to the assembling of a new equatorial ee ad de ee 
mounting. mm. cal. | cal. eal. | cal. | cal. | mm. 
Polarization measurements obtained on eight days at Dee. 2.40) 0.75 0.91 0.89 O73) 215 
Washington give a mean of 55 per cent with a maximum Dee. 1.04) 1014 118) 1.00) 2.87 
of 63 per cent occurring on both the 20th and 22d. $37] -% 
These are average December values for Washington. 2.74 2.87 
No measurements were obtained at Madison due to the Dee. 202222222] 91 
presence of snow and ice. Dec, 
The outstanding feature for the year is the unprece- 
dented large increase in radiation received on a horizontal 

fe Pye surface from the sun at various places throughout the 
a | country. Without doubt the business depression was an 
noted that the large cities of New York and Chicago Dee. 4-----.. 1. 34 
show the greatest plus departures. Dust and smoke Dec. 162222222.) 
records from these two cities and also from Pittsburgh ---------| 
show a marked diminution for the year, which would be (74) 
expected, as the amount of manufacturing had fallen off 
= greatly during this period. Many factories as well as 
om household heating plants are now run on a more efficient 

| and which to lessened con- Deo. 5.16 
tamination of the atmosphere. e three stations re- 
rting a diminution in radiation receipt for the year, Dee. bari 
It is interesting to note that recent reports issued by 

4 the United States Public Health Service show better — * Extrapolated. 


TABLE 2.—Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface 


ee Gram calories per square centimeter 
ashin-| Madison | Lincoln | Chicago| | Fresno | | | Fane | LaJolla| | miami | New 
Ae 1932 Cat. | Cat. | Cat | Cat Cat. | Cal. Cal. Cal. Cat. | Cat. | Cat. Cat. | Cal. 
230 93 187 62 160 237 6 167 195 180 279 155 
87 148 198 128 89 208 72 10 211 159 257 88 
ee See ee ee 171 127 188 118 124 94 97 122 118 
100 108 174 132 104 134 5 152 232 110 290 104 
i Departures from weekly normals 
+78 —26 +21 —13 +63 +51 +21 —73 —10 
—49 +34 +39 +52 —3 +36 +75 —81 —30 OEE 
—39 —16 -1 +49 +3 —14 SED +2 +4 +19 
“a Accumulated departures at end of year 
+9, 782 +364 | +2,055 | +18,496 | +21,411 | +10,442 | +6, 432 —8,866 —5, 637 
4%; “al Percentage departures at end of year 


Ay 


DrEcEMBER, 1932 


TABLE 3.—Solar radiation measurements, and determinations of 


atmospheric turbidity factor, 8B, Washington, D. C., December, 1932 
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POSITIONS AND AREAS OF SUN SPOTS 
[Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 


pm 6 Data furnished by Naval Observatory, in cooperation with Harvard, Perkins, 
and Mount Wilson Observatories. The differences of longitude are measured from 
Atmos- central meridian, positive west. The north latitudes are plus. Areas are corrected 
pheric for foreshortening and are expressed in millionths of sun’s visible hemisphere. 
Solar Air Bl dust |Notes: Sky- The total area, including spots and groups, is given for each day in the last column] 
Date and solar | alti- I I L ti- |light polasl- 
hour angle | tude, of sk zation, P. 

‘ cubic | clouds, etc. Heliographic Area | Total 
centi- Eastern area 

Vv e . |Longi- each 
long. | tude | tude | SP0t |Group) Gay 
gr. cal.|\gr.cal. | gr. cal. 
3:11 4. 28 | 0.870 | 0.654 | 0.585 | 0.050 668 1932 h. m. = 4 is 
3:06 4.10] .903| .660| .589| .045 Dec. 1 (Naval Observatory) 11 31 |—46.0] 69.0) +5.0 216 216 
2:43 3.41] .972| .7784 .636 .055 Dec. 2 (Naval 13 21 |—31.0] 69.8 | +5.0 123 123 
2:39 3.31 | .992| .779| .640) .055 Dec. 3 Observatory) 10 54 |—20.0] 68.9 | +5.0 93 
2:27 3.08 | 1.082 | .798| .657| .055 Dec. 4 (Naval Observatory) 12 47 
2:23 3.00} 1.040] .798| .658| .055 Dec. 5 (Naval Observatory) ------ ll 40 
1:18 2.35 | 1.187] .880] .710| .045 Dec. 6 (Naval Observatory) ------ 11 5 |—83.0 | 326.3 j4+10.0} 370 370 
1:13 2.33 | 1.196 | .883] .713| .040 Dec. 7 (Naval Observatory) -_----- 10 41 |—71.0 | 325.4 |+10.0 | 370 {_____-. 370 
0:30 2.17 | 1.228 | | .704] .035 Dec. 8 (Naval Observatory) ------ 11 40 |—57.0 | 325.6 |+10.0 | 370 370 
0:26 2.17 | 1.241 | .898| .707 | .030 6 P=63. 2. Dec. 9 (Naval Observatory) 10 14 |—43.0 | 327.3 |+10.0 | 482 432 
Dec. 10 (Mount Wilson) 12 |—29.0 | 327.1 |+10.5 | 609 609 
Dec. 12 (Perkins Observatory) - -- 12 35 | +2.0 | 331.5 |+10.0 |.-__-- 90 90 
3:13 4.37 | 1.002 | .785| .667| .030 *1,090 Dee. 13 (Mount Wilson) - ------.-- 14 .0 
3:09 4.22! 1.028} .788| .660| .030 
2:32 3.18 | 1.170} .878} .712] .025 Dee. 15 (Naval Observatory) ----- 10 
2:25 3.06 | 1.185} .883 | .715 | .025 Dec. 16 (Naval Observatory) ----- ll 
0:50 2.22} 1.311} .9385| .758| .020 Dec. 17 (Mount Wilson) 13 
0:46 2.20 | 1.328} .986| .505| .020 7 P=63. 0. 
Des, Dec. 18 (Naval Observatory) ----- 13 1 
3:03 3.93 | .838 | .643 .558| .060 863 Dec. 19 Observatory).--| 13 35 
2:57 3.74 | .861 | .648| .556] .060 Dec. 20 (Naval Observatory). 10 46 
1:11 2.28 | .959) .747] .105 Dec. 21 (Mount Wilson) 12 1 
1:05 2.27 | .987 752 | .624) .095 Dec. 22 (Naval Observatory) 10 53 
0:24 2.15 | 1.138 -669 | .055 Dec. 23 (Naval Observatory) --.-- ae 
0:19 2.14 | 1.155 829 | .672)| .050 4 P=52. 4, Dec. 24 (Perkins pea a ---| 14 50 
| Dec. 25 (Perkins Observatory)...| 15 0 
Dec. 26 (Perkins Observatory)...| 14 10 
Local smoke Dec. 27 (Mount Wilson) _........- 12 25 |+20.0) 151.9 | +8.0 |.._... 49 49 
Dec. 28 (Perkins Observatory)..-| 16 20 
Dec. 29 (Naval Observatory) 11 17 |+50.0 | 156.2 | +8.0 31 
Dec. 30 (Mount Wilson) 12 15 |+62.0 | 154.5 | +6.0 50 50 
Mean daily area for Decem- 
PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR DECEMBER, 1932 
(Dependent alone on observations at Zurich and its station at Arosa) 
(Data furnished through the courtesy of Prof. W. Brunner, University of Zurich, Switzerland] 
December, Relative ber, Relative December, Relative December, Relative December, Relative December, Relative 
1932 num 1932 numbers 1932 numbers 1932 numbers 1932 numbers 1932 numbers 
8 


Mean: 30 days= 10.7. 


a= Passage of an average-sized group through the central meridian. 

b= Passage of a large group or spot through the central meridian. 

c=New formation of a center of activity: E, on the eastern part of the sun’s disk; 
d= Entrance of a large or average sized center of activity on the east limb. 


W, on the western part; M, in the central zone. 


AEROLOGICAL OBSERVATIONS 


[{Aerological Division, W. R. Gregg, in charge] 
By L. T. SamveEts 


Free-air temperatures during December were above 
normal over the Lake region and southern stations and 
below normal over the western and northern stations. 
(Table 1.) The largest positive departures occurred 
over Atlanta and the largest negative departures over 
Ellendale. 

The mean free-air relative humidities were above nor- 
mal except at Omaha where the negative departures 
increased with elevation. The largest positive departures 
occurred at the southern stations. 


Free-air resultant wind directions in the lower levels 
were close to normal except in the southeastern states 
where the resultants showed pronounced southerly 
components. At the higher levels the resultant di- 
rections were close to normal except on the Pacific coast 
where they showed pronounced northerly components. 
Resultant velocities in most cases were greater than 
normal at all levels. 
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TaBLE 1.—Free-air temperatures and relative humidities during December, 1932 
TEMPERATURE (° C.) 


DrcEeMBER, 1932 


Boston, Cleveland Ellendale, San Diego, 
Atlanta, Ga. Chicago, Ill. ° Dallas, Tex. Omaha, Nebr. || Pensacola, Fla. Cc 
(308 meters)i || MASS... meters)? || || |} (800 meters) || @ meters)’ || 
Altitude (meters) 
m.s. 1. Depar- Depar- — — 
ture ture ure ure ure uw 
Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from 
normal normal normal normal normal normal normal normal normal 
8.3 —3.6 —1.0 3.6 (7 —1.3 —8.2 12.3} +1.1 10.6 —3.5 
8.7 —2.7 (7) —.6 4.8 ( —10.3 -.9 ~—6.7 7) 13.5 | +2.4 10.8 —2.5 
9.8 —3.0| +0.5 49] —18 —.7 —4.3) —14 12.5} +1.8 10.4 —2.0 
9.1 —3.6 +.1 —2.5| +1.2 6.5 +.5 —8.2} —1.7 
7.7 —4.5 +.4 —3.2| +1.7 5.9} +1.4 —10.2| —2.6 —4.6 —.6 8.7 +.6 6.8 —1.8 
5.3 —5.5| +1.2 —4.7| +2.0 3.9] +1.4 —12.5| —2.9 —6.6 
2.8 —8.1 +.8 —6.5} +2.4 1.4] —15.6] —3.5 —8.3 +.4 4.4 +.4 2.6 —1.4 
—2.8 —13.7} +1.1 —11.3] +3.5 —3.9; +1.1 —22.2| —46 —143 —.4 —.5 +.4 —2.6 
—9.2 —19.8 +.9 || —17.9| 42.8 || —11.2 —8.8 —.7 
RELATIVE HUMIDITY (PER CENT) 
88 (7) + re 84 (7) 78 83 7) 81 0 83 89 +5 74 +14 
85 79 (7) 74 77 79 0 78 83 +6 67 +12 
72 +11 i. ee 73 +6 69 +2 70 +14 67 +2 63 0 76 +8 63 +17 
65 +9 fe 66 +9 67 +10 60 +13 61 +3 52 Rae ee re 
59 +7 ee 60 +8 59 +7 54 +14 61 +6 45 —10 71 +15 51 +18 
55 +8 54 +3 55 +4 50 +13 62 +7 42 
53 +11 ae 51 +1 54 +4 50 +16 66 +12 39 —18 63 +10 41 +16 
50 +9 __ ee 50 —2 51 —1 31 —3 59 +6 40 —17 59 +10 33 +13 
47 +6 48 -1 51 +2 29 34 25 +9 


1 Temperature and humidity departures based on normals of Due West, 8S. C. 
2 Observations made by Massachusetts Institute of Technology. 
8’ Temperature and humidity departures based on normals of Royal Center, Ind. 


4 Temperature departures based on normals determined by interpolating between those of Groesbeck, Tex. and Broken Arrow, Okla. 


Groesbeck, Tex. 


5 Naval air stations. 
¢ Temperature and humidity departures based on normals of Drexel, Nebr. 
7 Surface and 500-meter departures omitted because of difference in time between airplane observations and those of kites upon which the normals are based. 


Weather Bureau airplane observations made near 5 a. m.; Navy airplane observations near 7 a. m.; Ellendale kite observations near 9 a. m. (seventy-fifth meridian time). 


Humidity departures based on normals of 


TaBLe 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a. m. (E. S. T.) during December, 1932 


[Wind from N =360°; E=90°, etc.] 
a Atlanta, || Bismarck, || Browns- || Burlington, oe = Chicago, || Cleveland, |} Dallas, Havre, Jackson- || Key West, 
oe ‘a 528 Ga. N. Dak. ville, Tex. Vt. rel Phos Til. Ohio Tex. Mont. ville, Fla. 
meters) (309 meters) || (518 meters) (12 meters) ||(132 meters) meters) (192 meters) || (245 meters) || (154 meters) || (762 meters) |} (14 meters) || (11 meters) 
Altitude 
m™. &. 1. 
ELSI EIST ELSI ELE EIST 2812 
° ° ° ° ° ° 
42; 08 273 | 0.5 285 327 | 1.1 192| 3.4 279) 5.5 253 | 2.7 211) 3.6 0.6 254 | 4.0 211; 0.6 77 3.1 
226 Sa 167 | 3.1 246 | 7.0 231 7.5 178 | 4.5 98 7.6 
232) 48 297 | 9.6 201 3.5 258 | 10.1 249 | 11.2 263 | 2.1 253 | 9.2 191) 5.1 105 
259 | 6.2 295 | 10.6 193 | 3.0 249 | 11.6 244 | 13.4 268 | 4.6 276 | 11.2 205 | 4.7 109 4.0 
 csccuseinanets 291; 3.1 276 | 7.5 287 | 10.9 234) 2.9 257 | 10.8 279 | 7.3 260 | 9.7 254 | 14.2 264 7.3 291 | 10.2 223 | 5.1 123 2.0 
275 | 6.1 275 | 8.6 204 | 11.4 232; 49 266 | 12.3 282 | 10.4 249 | 12.7 245) 9.8 256 | 10.0 292 | 11.8 230 | 6.0 135 te 
277 | 8.6 277 | 8.7 300 | 11.5 271} 263 | 15.2 262 | 9.7 258 | 10.5 299 | 9.4 235 | 6.2 162 4.3 
284 | 9.9 230; 9.2 248 | 13.1 wine 
Los An- || Medford, || Memphis, |] New Or- || Oakland, |} Oklahoma || Phoenix, || Galt Wake Sault Ste. Seattle, || Washing- 
geles, Calif. Oreg. Tenn alif. City, Okla. Nebr. 704 ich” Was. ton, D. 
(217 meters) || (410 meters)|| (83 meters) || (25 meters) |! (8 meters) )}} (806 meters) || (356 meters) meters) (198 meters) (14 meters) || (10 meters) 
Altitude 
m. s. 1. 
o 
Als als alr yale Tals yale als 
° ° ° ° ° ° ° 
0.9 109} 03 357 | 0.2 90; 16 62]; 2.0 312} 300 | 0.6 107 | 0.7 16 234} 0.8 131} 16 312 1.0 
-6 225 266 | 3.8 146 | 4.4 13] 3.5 1.0 286} 3.2 86) 1.2 247) 4.1 190} 5.3 287 5.0 
1.2 167 1.0 251 5.7 185 4.8 8] 4.5 249 | 4.7 292 6.2 46 271 7.3 202 3.4 275 6.7 
2.5 186 | 2.0 261 | 7.2 189 |} 3.7 348 | 45 258 | 5.4 279 | 7.2 276 | 1.2 180} 1.7 278 | 8.7 219 | 3.5 276 9.5 
4.8 272 1.8 248 | 9.7 186 | 5.3 341} 5.5 260 | 7.4 273 | 9.4 27) 2.3 225} 1.8 204 11 275 11.7 
6.9 17} 40 270 | 11.5 ---|| 338 | 6.7 262 | 11.2 276 | 11.3 276; 41 256 | 2.9 279 | 12.6 32; 3.8 268 | 12.6 
6.6 352 | 6.7 327 | 9.0 265 | 11.5 264 | 12.6 290; 6.3 7| 47 266 | 12.7 
4.3 6 328 | 9.1 259 | 15.3 252 | 14.7 275 | 10.1 


ae 
| | | 
| 
{ 
a 
2 
. 
| 
. 


1932 
AEROLOGICAL OBSERVATIONS FOR THE YEAR 1932 


[Aerological Division, W. R. Gregg, in charge] 
By L. T. 


Free-air temperatures during the year averaged above 
normal except at San Diego and in the lower levels at 
Ellendale, Norfolk, and Washington (Table 1). Free-air 
relative humidities averaged mostly above normal except 
at Omaha and Washington. 

Kite fying was discontinued at Due West, S. C., 
during May and an airplane observation station estab- 
lished at Atlanta, Ga., during July. Pilot-balloon obser- 
vations were made from two to four times daily at 75 
Weather Bureau stations at the end of the year as com- 
pared to 70 stations at the beginning of the year. The 
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eieceme number of daily soundings at these stations was 
6. 

In connection with the International Polar Year 
De ay (August, 1932, to August, 1933), 91 sounding- 

alloon observations were made at 3 stations between 
August and December. Seventy-one of the meteoro- 
he sent up in these observations have been found 
and returned. The records indicate that the balloons 
entered the stratosphere in nearly every case. The 
— station established at Point Barrow, Alaska, for 
the Polar Year has reported a total of 200 pilot-balloon 
observations from September 15, to the end of 1932; 
more than 900 cloud observations and more than 2000 
photographs of the aurora. Five airplane observations 
to between 5 and 6 km are being made monthly at 
Fairbanks, Alaska, during the Polar Year period. 


TABLE 1.—Free-air temperatures and relative humidities during the year 1932 
TEMPERATURE (° C.) 


Cleveland. Ellendale, N. Pensacola San Diego Washington. 
Chicago, Ml. ° (246° Dallas, Tex. Dak. ( 444 Norfolk, Va. Omaha, Nebr Fla. (2 ’ Calif. (9° D.c.2° 
(187 meters)! meters)! (146 meters)? meters) (3 meters) (300 meters) * meters) 3 meters) 3 eae 3 
Altitude (meters) 

m. 8.1. Depar- Depar- Depar- Depar- Depar- Depar- Depar- Depar Depar- 

ure e ure ure ure ure 

Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from 
normal normal normal normal normal normal normal normal normal 
6.8 7.4 14.2 5.2} —0.4 14.1] -—0.5 6.3 18.4] +0.2 16.1} —1.8 10.9 —1.6 
7.6 85 15.9 5) 6.1 —.4 12.9 —.8 7.2 17.8 +.6 14.2} —1.5 10.9 —.1 
6.8] +0.2 7.2] +0.6 15.2} +1.2 4.5 11.0 —.6 +0.6 16.0 +.8 15.2 —.7 9.9 +.7 
3.1 +.6 2.9 +.4 11.0} +1.0 +.3 6.9} —.1 5.9] +1.5 11.8} +1.0 12.2} —0.3 6.2 +11 
—1.6 +.7 —1.7 +.6 5.8 +.9 —3.8 +.6 +.4 +15 7.0} +1.0 6.7 —-.1 2.1 +1.3 
—7.3 +.3 || —7.3 +.3 —.3 +.4 —9.3 +.7 || —2.2 +.7 —5.9 +.9 21) +2.0 .7 0 —3.1 +1.6 
—.3 |} —14.0 -—.5 |} —6.9 —.6 || —14.9 —8.3 +.5 || —12.7 +.1 —3.0} —6.1 0 —8.5 +1.0 

RELATIVE HUMIDITY (PER CENT) 

78 81 80 (5) 73 +1 73 +1 82 (5) 83 +2 71 a4 71 +2 
70 5) 74 § 69 (5) 72 +1 69 +5 75 (5) 76 +3 71 +4 62 
pee eS ae 63 —2 70 +5 62 66 +2 64 +4 60 -1 72 +5 53 +3 56 -—3 
i | $e eee 56 0 62 +6 56 EN 61 +4 58 +5 51 —4 63 +6 36 +2 52 —4 
ae 50 0 53 +3 49 +7 59 +4 51 +5 51 —4 57 +8 30 +2 45 —3 
0 48 42 46 +7 53 48 +6 49 —4 54 +5 26 +1 37 
43 -1 46 +2 45 +10 51 +1 47 +10 45 —7 22 -1 27 


1 Temperature and humidity departures based on normals of Royal Center, Ind. 
6 2 ee ge aggd departures based on normals determined by interpolating between those of Groesbeck, Tex., and Broken Arrow, Okla. 
roes' Tex, 
3 Naval air stations. 
4 Temperature and humidity departures based on normals of Drexel, Nebr. 
5 Surface and 500-meter departures omitted because of difference in time between airplane observations and those of kites upon which the normals are based, 


Weather Bureau airplane observations made near 5 a. m.; Navy airplane observations near 7 a. m.; Ellendale kite observations near 9 a. m. (75th meridian time). 


Humidity departures based on normals of 


RIVERS AND FLOODS = 


By Ricumonp T. Zocu 
[River and Flood Division, Montrose W. Hayes, in charge] 


In December, 1932, floods occurred on the Atlantic the 9th to the 16th was 8.70 inches, and for the month was 13.37; a 


Slope from southern Virginia southward to southern 
Georgia, in the East Gulf of Mexico States, in the Ohio 
Basin, and in the tributaries of the Mississippi River 
south of Cairo. None of them reached a height in 
December that would make them of major importance, 
except the one in the Pearl River of Mississippi, which is 
described as follows by the official in charge of the 
Weather Bureau office in Meridian, Miss.: 


December was wet throughout the basin of the Pearl River. 
There were two periods of particularly heavy precipitation. The 
first, in which the greatest falls occurred, was from the 9th to the 
16th; the excesses were most marked in{ithe upper basin of the 
Pearl. The second was from the 24th to the 28th. Notably 


heavy precipitation occurred at Canton, where the amount from 


at Edinburg, where the amount from the 9th to the 16th was 
12.41, and for the month was 17.44; and at Jackson, where 9.16 
<r from the 9th to the 16th, and 14.50 occurred in the entire 
month. 

Freezing temperatures prevailed from the night of the 15th 
through the night of the 19th. The rain in this period froze as it 
fell and the result was equivalent to the holding back of the water 
from a rainstorm amounting to about two inches, which would 
have entered the Pearl River at Jackson, and immediately above, 
at the time of crest stages. This retarding of the run-off reduced 
the flood heights that would have occurred had the temperatures 
been above freezing. A thaw began during the forenoon of the 
20th and continued through the night of the 20th-21st, and all ice 
had disappeared by the morning of the 21st. The water released b 
the thaw entered a falling river, and merely retarded the rate of fall. 

At Jackson the flood was the severest since May 30, 1909, when 
the crest was 35.3 feet. The highest stage of record at Jackson 


er 
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Table of flood stages in December, 1932—Continued 
[All dates in December unless otherwise specified] 


was 37.2 feet on April 1, 1902. While the floods of 1902 and 1909 
were higher than the one in 1932, the latter, having a crest of 35.2 
feet at Jackson, was undoubtedly the most destructive, on account 
of the increase in the population of Jackson and the adjacent 
territory. It is reported that over 500 families were driven from 
their homes by the water, and, while there is no record of deaths 
by drowning, exposure caused considerable sickness. 

According to a newspaper dispatch, the Rio Grande at 
San Marcial, N. Mex., was, on December 28, blocked by 
ice for the second time in history. The water backed up 
by the gorge interrupted traffic over the Albuquerque- 
San Marcial highway. 


Table of flood stages in December, 1932 
{All dates in December unless otherwise specified] 


Above flood 
River and station stage 
From— To— Stage | Date 
ST. LAWRENCE DRAINAGE 
‘eet Feet 
Flint: Columbiaville, Mich--------_-.-- 8 27 27 8.2 | 27. 
ATLANTIC SLOPE DRAINAGE 
James: 
15 29 30 20.5 | 29. 
Richmond, 8 29 30} 11.0] 29. 
Roanoke: 
21 29 30 23.6 | 30. 
Scotland Neck, N. C........-.-..-.-- 23 27, Jan. 2 28.3 | 31. 
Williamston, N. 10 30} () 12.2} Jan. 5 
Neuse: 
15 28 29 15.3 | 28. 
Cape Fear: Elizabethtown, N. 20 { () 19 
Peedee: 
Mars Bluff Bridge, 8. C_......-.-.-- 17 15 (1) 20.7 | 31. 
aluda: 
Chappells, 8. C-........ Fl | 
Broad: Blairs, S. 15 { mere 
Catawba: Catawba, 8. C__..--...-..-.-- 11 25 26 12.2 | 26. 
24 27 31 27.5 | 28. 
Santee: 
Nov. 27 4 13.6} 1. 
1 13.1 
Ferguson, 8. C_--------------.---- 12 { 15 (1) 13.9 | 20-22 
15 13 13 16.0 | 13. 
Savannah: Ellenton, 8. C---.....-...--- 14 13 () 23.1 | 31. 
Altamaha: Charlotte, Ga_._.....-.....-- 12 26 12.3 | 27. 
EAST GULF OF MEXICO DRAINAGE 
Chattahoochee: 
13] 16.8 | 13. 
27 20.0] 29. 
Petes, 19 29; Jan. 1 21.9 | 30. 
Oostanaula: 
R G 22 13 20 26.3 | 15. 
13 15 32.0 | 14. 
Coosa: 
13 21 35.7 | 14. 
Mayos Bar Lock, Ga-.........-..---- 28 7 a 37.0 | 30. 
22 13 30.1 | 18. 
Lock No. 4, Lincoln, Ala..........-- 17 13 a 23.2 | 18. 
Cahaba: Centerville, 25 18 21.0 


1 Continued into January, 1933. 
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Above flood 
Flood stages—dates Crest 
River and station stage 
From— | To— Stage | Date 
EAST GULF OF MEXICO DRAINAGE—Con. 
Alabama: j 
Black Warrior: Lock No. 10, Tuscaloosa, 46 { 12 19 61.0 | 13. 
berg Miss 12 18 15 
Columbus, 25 14 19| 26.8 | 16-17. 
Lock No. 4, Demopolis, Ala._......- 39 13 (4) 62.7 | 22. 
Chickasawhay: 
Enterprise, af | 20. 
18 27.0 | 19. 
Shubuta, Miss. 26 { 30} Jan. 31.8] Jan.1 
18 2} Jan. 5 18.7 | Jan. 1 
earl: 
14-15. 
Edinburg, ot - Bi 
20 12| Jan. 18 35.2 | 19. 
15 13 | Jan. 16 25.1 | 23-24. 
18 17 | Jan. 16 25.7 | 26. 
West Pearl: Pearl River, La____----___- 13 17 (’) 16.5 | 31. 
MISSISSIPPI SYSTEM 
Upper Mississippi Basin 
Missouri Basin 
20 27 27 20.0 | 27. 
Ohio Basin 
Walhonding: Walhonding, Ohio-------- s 31 31 9.5 | 31. 
Olentangy: Delaware, Ohio---..-.....-- 9 31 31 10.7 | 31. 
oto: 
ll 31 31 12.4 | 31. 
9 31 31 9.4 | 31. 
Stillwater: Pleasant Hill, Ohio----._.--_- 13 31 31 15.0 | 31. 
Mad: Springfield, Ohio-----.---....--.- 11 31 31 11.4 | 31. 
West Fork: 
19 26 29 21.0 | 27. 
Edwardsport, Ind... 12 { 4 (1) 13 
wae 18 31 (1) 18.2 | 31. 
al 
Q 10 14.6 | 9. 
16 6 29 19.9 | 28. 
Terre Haute, 14 27 () 15.7 |} 31. 
Mount Carmel, Ill-.---....--.--.._- 16 29 (‘) 17.7 | 31. 
North Fork: Mendota, Va-_----..--..-.- . 28 29 11.0 | 28. 
Pigeon: Newport, Tenn..-----_.---_-._- 6 28 29 12.0 | 28. 
French Broad: 
4 26 30 5.2 | 28. 
12 28 29 14.7 | 28. 
Little Tennessee: McGhee, Tenn- ----_- 20 28 29 25.5 ; 29. 
Hiawassee: Charleston, Tenn-----_-___- 22 28 30 28.5 | 29. 
Tennessee: 
20 29 29 20.6 | 29. 
22 29 30 24.5 | 29. 
Chattanooga, Tenn---............_- 30 29 a 37.6 | 31. 
18 29 25.0 | 31. 
25 29 0 30.3 | 31. 
18 31 18.4 | 31. 
16 19 33.0 | 17. 
Savannah, 32 31 (1) 33.4 | 31. 
White Basin 
Poplar Bluff, 31|Jan. 2] 14.3] 31. 
Block Rock, uf ttt 
White: Batesville, Ark..........___.__-- 23 27 24.7 | 27. 
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Table of flood stages in December, 1982—Continued 
[All dates in December unless otherwise specified] 


Above flood Crest 
Flood stages—dates 
River and station stage 
From— | To— | Stage | Date 
MISSISSIPPI SYSTEM—Continued 
Arkansas Basin 
Neosho: Fort Gibson, Okla---.......-.. 22 26 26 22.0 | 26. 
Petit Jean: Danville, Ark...........-... 20 31] Jan. 2 22.9 | Jan. 1 
Arkansas: Fort Smith, Ark-_.-...-..--- 22 26 27} 22.8 | 26. 
Red Basin 
Feet Feet 
Sulphur: Ringo Crossing, Tex........--- 20 31 (4) 22.0 | 31. 
Lower Mississippi Basin 
St. Francis: 
20 25 24.2 | 27. 
18 30 1 22.5 | 31. 
Tallahatchie: Swan Lake, Miss. 16 31.3 | 31. 
Ouachita: Arkadelphia, Ark.-......-..- 31 1 19.8 | 31. 
WEST GULF OF MEXICO DRAINAGE 
Trinity: Dallas, Tex..........-----.---- 28 24 25) 33.2] 25 
PACIFIC SLOPE DRAINAGE 
Columbia Basin 
Long Tom: Monroe, Oreg.......-..----- 10 21 30 12.6 | 25. 
1 Continued into January, 1933. 
Statement of Flood Losses 
ATLANTIC SLOPE DRAINAGE 
JAMES RIVER IN VIRGINIA 
Tangible property totally or partially destroyed $125 
Livestock and other movable property ---..-.---------- 100 
Suspension of business, including wages of employees._.._ 2, 000 
ROANOKE RIVER IN NORTH CAROLINA 
Tangible property totally or partially destroyed - ------- 2, 000 
Suspension of business, including wages of employees...._ 6, 000 
PEEDEE RIVER IN SOUTH CAROLINA 
Livestock and other movable property.-__---.---------- 230 
Suspension of business, including wages of employees.... 14, 125 
SALUDA RIVER IN SOUTH CAROLINA 
Suspension of business, including wages of employees- --- 300 
CATAWBA RIVER IN SOUTH CAROLINA 
Tangible property totally or destroyed 1, 200 
Suspension of business, including wages of employees-.-- - 300 
SANTEE RIVER IN SOUTH CAROLINA 
Suspension of business, including wages of employees- -- - 100 


SAVANNAH RIVER IN GEORGIA AND SOUTH CAROLINA 


ALTAMAHA RIVER IN GEORGIA 
EAST GULF OF MEXICO DRAINAGE 
CHATTAHOOCHEE RIVER IN ALABAMA AND GEORGIA 
Tangible property totally or partially destroyed - ~~ -_---- 3, 000 
Livestock and other movable property 2, 000 
Suspension of business, including wages of employees.... 10, 000 
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APALACHICOLA RIVER IN FLORIDA 


Tangible totally or partially destroyed 
Livestock and other movable property._.-.-..--.-...-.- 
Suspension of business, including wages of employees 


OOSTANAULA RIVER IN GEORGIA 


Tangible property totally or partially destroyed 
Livestock and other movable property 
Suspension of business, including wages of employees_ _-_- - 


ETOWAH RIVER IN GEORGIA 
Tangible property totally or partially destroyed - - -_--_-_- 


COOSA RIVER IN ALABAMA 


CAHABA RIVER IN ALABAMA 


Livestock and other movable property____.....-------- 


ALABAMA RIVER IN ALABAMA 


Tangible property totally or partially destroyed - -_____- 
Suspension of business, including wages of employees__-- 


PASCAGOULA RIVER IN MISSISSIPPI 


Tangible property totally or partially destroyed_______- 
Suspension of business, including wages of employees-___ 


PEARL RIVER IN MISSISSIPPI 


Tangible property totally or partially destroyed_______ 
Livestock and other movable property____..___.___-__- 
Suspension of business, including wages of employees-_.__- 


MISSISSIPPI SYSTEM 
Missouri Basin 
OSAGE RIVER IN MISSOURI 


Tangible property totally or partially destroyed_-_-______ 


Ox1o Basin 


WABASH RIVER IN INDIANA 
Suspension of business, including wages of employees_ -_ _- 


HOLSTON RIVER IN TENNESSEE 


Tangible property totally or partially destroyed_______- 
Suspension of business, including wages of employees____ 


PIGEON RIVER IN TENNESSEE 


Tangible property totally or partially destroyed________ 
Suspension of business, including wages of employees____ 


TENNESSEE RIVER IN ALABAMA AND TENNESSEE 
Tangible property totally or partially destroyed. ______- 


Livestock and other movable property_.....___________ 
Suspension of business, including wages of employees___- 


Basin 
BLACK RIVER IN MISSOURI 


Livestock and other movable property...........__.-_- 
Suspension of business, including wages of employees____ 


ARKANSAS BasIN 
NEOSHO RIVER IN OKLAHOMA 


Tangible property totally or partially destroyed_______- 
Suspension of business, including wages of employees____ 
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$1, 200 
900 
3, 000 


4, 000 
1, 200 

500 
5, 000 


20, 000 
10 


25 


1, 800 
500 


|| 

50 

100 

1, 100 i 

1, 000 

12, 200 

1, 200 a 
39, 600 

74, 500 

ivestock and other movable property 500 
3, 000 

500 

ry 

120 

25 

5, 000 

200 

1, 500 i 

1, 200 

4, 000 
900 

12, 500 = 

500 

1, 500 2 


262 MONTHLY WEATHER REVIEW DecemsBer, 1982 
ARKANSAS RIVER IN ARKANSAS Catawba River in South Carolina...............-.-.-- $14, 000 
d $300 ah Ri Ge ith 000 
Tangible property totally or partially destroyed vannah River in Geo an 
Matured 1,000 Altamaha River in Georgia. 10, 000 
Livestock and other movable East or Mexico 
Chattahoochee River in Alabama and Georgia ---- 3, 000 
Apalachicola River in Florida. 2, 000 
ESTIMATED VALUE OF PROPERTY SAVED BY 25, 000 
WARNINGS Pascagoula River in Mississippi-.-_...-......---------- 5, 000 
Atiantic Store DRaINnaGE 
ISSISSIPPI SysTEM 
Roanoke River in North Carolina__.._-.-...--.------- 15, 000 OHIO BASIN 
Neuse River in North Carolina__.._._.__.__---------- 1, 000 
Cape Fear River in North Carolina---__-___--_---------- 1,500 Tennessee River in Alabama and Tennessee------------ 100, 000 
Peedee River in South 15, 150 


THE WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


[By the Marine Division, W. F. McDonald in charge] 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


Atmospheric pressure-—Pressures were below normal 
during Recenioen, 1932, over the middle and eastern 
Atlantic. The principal area of deficiency was central 
well northward over Iceland, due to the persistence of 
the dominant Icelandic tow. A deficiency of .07 inch 
in average pressure at Cape Gracias is also noteworthy 
for - region where barometer changes are relatively 
small. 

The Atlantic HIGH was weakened, from the Azores 
eastward, but was stronger over the western portion of the 
ocean, with average pressures highest between Bermuda 
and Cape Hatteras. The largest excess in monthly 
averages lay somewhat farther north, however, over the 
Straits of Belle Isle. (See Table 1.) 

The contrast in pressures thus revealed between 
Central American waters and the region of Cape Hatteras 
explains the noteworthy intensification of trade wind 
movement over the Caribbean Sea, where winds of force 
six were common during December. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic and its 
shores, December, 1932 


Depar- 
Average | ture 
Stations pressure | from Highest} Date | Lowest} Date 
normal 

Julianehaab, 29.49 | +0.02| 30.16 8| 28.80 27 
Reykjavik, 29.31 | —.41| 30.51 10| 22.283] 16 
Lerwick, Shetland 29.80; +.08]| 30.53 9,10 | 28.42 3 
29. —.08 | 30.55 25 | 28.96 31 
Lisbon, 30.06 | —.05| 30.56 | 2.44| 10 
30.05 | —.09} 30.46 1,2} 29.46 30 
Belle Isle, 29.88 | +.18]| 30.50 10| 29.20 26 
lax, Nova 30. 30.48 11,17 | 29.40 31 
30.13 | +.08 30.58 17 | 29.42 31 
EARNS Oe 30. +.07 | 30.57 29. 73 31 
30.17 | +.05 30.38 22, 29. 94 1,5 
30. 30.14 21,22 | 29.88 17 
30. 11 | 30.27 2] 29.98 12 
30.12} —.01 30.54 31 | 29.77 30 
Cape Gracias, Nicaragua........-- 29.91 | —.07 29.98 16 | 29.86 | 12,24 


Nore.—All data based on a. m. observations only, with departures compiled from best 
available normals related to time of observations, except Hatteras, Key West, Nantucket, 
and New Orleans, which are 24-hour corrected means. 


Cyclones and gales —December showed a further in- 
crease in general storminess as compared with preceding 
months, and gales were widespread across the main 
steamer lanes, notably from the 11th to 13th, 18th to 22d, 
and on the last two days of the month. Winds of gale 
force were reported from some part of the North Atlantic 
on all but five days in the month. 

Deep cyclonic storms moved slowly across the more 
northern latitudes. A succession of waves of low pres- 
sure originating along a wide extent of the American 
coast swept eastward over the latitudes that are normally 
occupied by a rather persistent belt of high pressure. 
Twice during the a between the 8th and 13th and 
from the 25th to 27th, these troughs developed into dis- 
tinct cyclonic centers well out in the ocean southeast of 
Bermuda, and gales were reported southward nearly to 
the thirtieth parallel in that region on the 12th. Chart 
VIII, for December 9, shows an early stage of this storm. 

Charts IX, X, and XI show intensified developments 
in the major cyclonic systems over the northern part of 
the Atlantic, on the 14th, 22d, and 31st. The situation 
depicted at the close of the month had already caused a 
severe gale, reaching hurricane force, on the previous dey, 
as ghee by the British S. S. Holystone, near 36 N., 
26 W., and storm conditions continued beyond the end 
of December well into the New Year. 

Hurricane winds also occurred within the area north of 
the 42d parallel, and 350 to 700 miles east of Cape Race 
on the 19th, as reported by the German S. S. New York 
and the Norwegian S. S. Equatore, both eastbound to 
channel ports. These conditions attended a sharp devel- 
opment that originated near Cape Hatteras on the 17th 
and moved rapidly northeastward to merge with the 
more extensive and persistent low-pressure systems that 
dominated the waters north of latitude 45° from the 13th 
until the end of the month. 

Fog.—The distribution of fog was most unusual during 
December, as this condition was reported on 10 days in 
the northwestern part of the Gulf of Mexico and on only 
2 days off the Grand Banks. Fog occurred on 6 days 
between the thirty-fifth and fortieth parallels and the 
seventieth and seventy-fifth meridians; on 5 days in 
the 5-degree square south of Nova Scotia, and on 1 or 
2 days over other parts of the northern steamer lanes. 
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OCEAN GALES AND STORMS, DECEMBER, 1932 
Voyage Position at time of | Low- | Direc. | Direction | Direc- 
lowest barometer Time of est tion of | and force | tion of | Direction | Shifts of wind 
Vessel Gale lowest Gale te wind of wind wind | and high- near time of 
e e owes e w e 
From— To— Latitude | Longitude eter began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
ovr Inches 
Silverpalm, Br. M. Gibraltar_____ Boston_....-- 4205 N | 63 30 W| Nov. 30 Dec.1-| Dec. 1 | 29.50} NNE_.| SSW, 10_._.| SSW-NNW. 
Gonzenheim, Ger. 8. S...| Avonmouth. 6218 N | 2232 W| Dec. 8p, 1----| Dec. 2 | 29.61 | W-NW. 
Holystone, Br. 8. 8..-..- St. Thomas..| E li h | 4415N| 2045 W/| Dec. 2); 3p,3-...-| Dec. 3 | 29.80} WSW..| WNW,9..| NNW —, W-NW 
annel. 
Hoxie, Am, Boston...-..- London. 50 36 N | 2457 W| Dec. 5 | 48, 5.---| Dec. 12 | 29.31 | S______- 8, 7. ENE, 10_.| S-E 
New York, Ger. 8. 8_..- Cherbourg. 47 10 N | 33 09 W . 4] 9a, Dec. 20.18 | W...... NW, 12.__| N-NE 
Excalibar. "Am. 8.8 Gibraltar_.._- 39 04 N | 18 33 Dec. 5 2p,6.-.-| Dee. 8 | 29.23 | WNW,9_- SSW... WNW, 10. WSW-WNW 

Wildwood, Am. 8.58 Charleston...| 45 00 N | 16 30 a, 6....| Dec. 6 | 20.18 | Ven, 2...<. NW_...| NNW, 10.| SSW-ENE 
Wee Chatala, Am. 8.. Beaumont. .-| 37 36 N | 2620 Dec. 8 8....| Dec. 9 | 29.72 | NW-_...| NW, 7....| NNW .| NW, 9....| NW-NNW 
Edda, Ital. 8. 8 Falmouth._.-}| 49 32 N 753 W| Dec. 7 oon, 9.| Dec. 12 | 30.02 | ENE_-j E, 10_..-.- ESE...| —, 10....-. 

Tilapa, Br. 8 -| Avonmouth..| 49 00 N 815 Dec. 9 | 4a, Dec. 11 | 29.51 | E_____- NE E-NE-E 
enandoah y Amsterdam..| 39 30 N | 62 40 W/ Dec. 11 | Noon,1l_| Dec. 12 | 29.96 | ENE_- ENE, 7...) ENE... ENE, 8...| Steady 
Wildwood, Am. 8.8 Charleston...| 33 44 N | 4400 W]| Dec. 12 | 9p, Dec. 13 | 29.79 | E____-- ENE..| E, 10_-_--- ENE 
Seanyork, Am. 8.8 New York._.| 47 22 N | 51 42 Dec. 13 ! 9a, 13_.-| Dee. 14 | | WswW,8__. WSW,9_..| SW-WNW 
Quaker City, Am. 8. 8... Boston......- 53 30 N | 38 10 Dee. 12 28.48 | WSW_.; —, WswW..| W sw, 12..| Steady 
Jean Jadot, g Antwerp----- 4611 N | 38 14 W| Dee. 13 | 8p, Dec. 15 | 29.64 | SSW, 8, 11.:_...| §-SW-W. 
Hazelwood, Br. 8. Avonmouth../ 50 26 N | 2018 Dec. 14 | 4p, 14.-_| Dec. 14 | 29.58 | S______. SSW, 8....| SSW-WSswW. 
City, Am. 8.8 5115 N 43 05 Dec. 15 | Noon,15_| Dec. 17 | 29.26 | WSW__| —,7_-.---- NW.___.| W SW, 10__ 
arragansett, Br. M. Baytown_---- Belfast__....- 4610 N |} 3900 Dec. 16 | 42a, Dec. 18 | 29.35 | SE____- _§ SSW, 
Statendam, Du. 8. 8....| Rotterdam...| New York...| 50 32 N | 29 24 9 p, 16...| Dec. 17 | 29.08 | SW._..| SW,8.---- NE,9 SW-WSW. 
Stuyvesant, Du. 8_...| New York...| La Guaira___| 36 10 N | 73 48 W | Dec. 17| 5p, 17--| Dec. 18 | 29.86 | ENE_-| WSW, NW.._| 8,9. _____- E-S-W. 
Hazelwood, Br. 8. S.--..- Avonmouth..| 5100 N | 630 W | Dec. 16 | Noon, 17} Dec. 17 | 29.85 | Steady. 
Hall, Am.} New York ..-| Havre__....-- 41 20 N | 53 50 W | Dee. 18 | 9p, Dec. 19 | 20.22 | E______ SSW, —, SSW-NW. 
Equatore, Nor. M. 8....| Savannah-.-..}| London-.--...- 42 18 N | 48 35 W | Dec. 17 | —, 19_...| Dec, 22 | 29.38 | NW.-.-| —, 12......| NNW -] —, 12.__-_- SSW-WNW. 
Yselhaven, Du. 8. Wilmingéoa, 46 59 N | 13 06 W | Dec. 19 | 4a, 19_..| Dec. 25 | 29.54 | NNW NNW, S__.---- NNE-NN W. 
New York, Ger. 8. S....| Cherbourg...] New York...| 48 10 N | 34 45 W |__.do___-| 10 p, 19..| Dec. 20 | 29.05 | E_____- NNE, 12..| Nw-..-| —, 12..-.-- E-N-NW. 
Gonzenheim, Ger. 8. S...| Boatwood....| Antwerp_...- 51 50 N | 26 36 W | Dec. 20 | 4p, 20.__| Dec. 21 | 28.86 | ESE_..| NW, 9....| WNW-.| WNW, 12. ESE-S-W. 
Leviathan, Am. 8. 8...-| Rouen.-.---- New York...| 48 54 N | 24 07 W | Dee. 19 |-.-do____| Dec. 20 | 29.12 | SE____. 10...] 8....... SE, 11...- 

Am. © Norfolk. Rotterdam...| 49 49 N | 18 40 W | Dec. 20 | 9 p, 29.22 | SSE_.-| SE, 10.__-| SW_---| SE, 11___-| SE-S-SW. 
Collamer he Bordeaux. ...| New York..-| 48 08 N | 40 51 W | Dee. 21 | 6p, 21___| Dec. 22 | 29.32 | W____. 1 NNW, 10.| W-NNW. 
Pacific Shipper, Br. M. | Manchester--| San Pedro_--| 40 03 N | 26 06 W | Dec. 20 | 10a, SSW... NW...| 9..... W-NW. 
Executive, Am. 8. 8..-.-- New York-...| Casablanca_-_} 40 00 N | 56 00 W | Dec. 22 | 2p, 24._.| Dec. 25 | 29.27 | NW-_-_-_]| Var. 6____. NNE..| NE, 11_.--| Steady. 
dence Hall, Am. Havre_......-| 49 00 N | 26 00 W | Dec. 23 | 2a, 29.49 | S______- SSE, 10_..| SSE-NW. 
President Roceevelt, y Hamburg. ...| 47 40 N | 34 40 W | Dec. 27 | 2p, 27_..| Dec. 28 | 20.45 | SSW, 10__| W.__-- SSW, 10..| SSW-W. 
Holystone, Br. 8. S...-.- English Canal Zone..| 36 45 N | 26 30 W | Dec. 30 | 1 p, 30...| Dec. 30 | 29.61 | SSW...| WSW, 12.) NW---| —, 12.___-- WSW-NW. 

annel. 
Waukegan, Am. New York...} Havre..._..-- 49 29 N | 22.40 W |_..do..-_| 9 p, 30...| Dec. 31 | 28.19 | W.._-.] W, Steady. 
Maiden Creek, Am. 8. | Glasgow----- Gui of Mex 48 33 N | 14 34 W 10 p, 30-| Jan. 4 | 28.88 | S__.__- SW, 11....| SE-S 
Leviathan, Am. 8, New York-.- ---| 5017 N | 18 27 W j__-do.__-j 1a, 31_..| Dec. 31 | 28.25 | SE__..- SSW, WSW-_.| W, 
Topa Topa, Am. S_...| Rotterdam-.- ex- | 4744 N| 906 W | Dec. 31 | —, 31 do....| 29.26 | SSE...) SW, —....] S, SSE-S. 
NORTH PACIFIC 
OCEAN 
Wisconsin, Am. 8. pia} 50 20 N | 165 00 W | Nov. 29 | 6a, Dec.1) Dec. 2 | 28.70 | SSW_..| WSW, 11_| WNW_| WNW, 11.| SW-WNW. 
ver. 
New York, Am. S. Portland.---.- Yokohama...} 49 50 N | 17239 E | Dec. Noon, 5.} Dec. 5 | 29.06 | SSE WNW-W. 
Patrick Henry, Am. 8.8 | Pacolod, P.I.| Honolulu--..} 10 30 N | 129 45 E | Dec. 4 | 2a, 29.32 | NNE-.-_| W, 10____- SSE... WNW, i 0.| NW-W-SW. 
Fernhill, Nor. 18 40 N | 126 45 E | Dec. 6p.,6...| Dec. 6 | 2811 | E-N-NW. 
Fernbrook, Nor. M. 8...| San Pedro__- ama...| 31 25 N | 15025 E | Dec. 8 | Noon, 8.| Dec. 8 | 29.09 | SSW_.- wsw, 10.| NW.--| WSW, 11.] WSW-W 
Atago Maru, . M. 8 Los 33 37 N | 163 13 8a.,8...| Dec. 9 | 29.64 | SW___- NW..-| W, 10.....| WSW-SW. 
Niagara, Br. 8. Victoria._.... 38 46 N | 142 37 W 3 p., 10..| Dec. 10 | 29.39 | NE__..| S, 10._____ SSE-S-W 
Pedro Maru, Jap. | Kope.......- San Francisco| 46 40 N | 17615 W | Dec. 5 2a., 10..| Dec. 11 | 28.36 | E______ Nw. Wan... W,9 WNW-NW 
Grays Harbor, Am. S.S.| Puget Sound.| Yokohama...| 47 19 N | 162 45 E | Dec. 8 | 8 28.60 | ESE...| SW, 8____. SE-S-S W 
Sivermepie, Br. M. 8..-| Davao....... Vancouver...| 40 26 N | 16912 E | Dec. 9 | 28.80 | NW__..| NW, 8....| -NW. 
Am, Yokohama. -| Victoria_..... 50 00 N | 15915 W| Dec. 6 | 4p.,9...| Dec. 12 | 28.51 | NW-.--| SSE, 12.--| S......- SSE, 12---| E-SSE-S. 
Br. S, 42 03 N | 15418 E | Dec. 4p.,9.--| Dec. 11 | 29.65 NW, 7....| WNW-_| NW, Steady. 
Achilles, Br. 8. 8..-...-- Vindivostok.. Taku Bar-_..| 33 35 N | 128 00 E | Dec. 11 | 4p., 12.._| Dec. 13 | 30.00 NW, 10...| NW-...| NW, 10...| W-NW. 
Maru, Jap. 8. S....| Estero Bay_..| Yokohama.--| 33 26 N | 144 59 E Dec. 12] 64., 29. 67 WSW, 6__| SW-WSW-W. 
New Am. 38 20 N | 143.22 E |...do..-_-| 4a., 13..; Dec. 14 29.37 NW, 9...-|-W-NW. 
Los Angeles_.|_.... 34 30 N | 143.34 E |__.do___-| 44., 29.53 Ww 
Yuri Maru, Jap. Yokohama...| 40 23 N | 155 40 E 6 p., 13..| Dec. 16 } 29. 04 SSE, 9....) S-W 
Silvermaple, Br. M. 8..-| Davao.....-- Vancouver-...| 47 18 N | 156 00 W| Dec. 13 | 2a., 14..| Dec. 14 | 29.44 WNW, 9... WNW-W 
Grays Harbor, Am. 8S. 8. et Sound.; Yokohama...| 42 08 N | 148 50 E |_..do.._-| Noon,13.| Dec. 15 | 29.07 iG} FeRE SSE-S-S W 
of Russia, Br. | Yokohama_.-| Vancouver...| 47 56 N | 174 00 E |_..do__-_-| 4 p., 29. 23 
Ixion, Br. 8. 8 Victoria... 50 02 N | 153 46 W! Dee. 15] Mat.,15.| Dec. 16 | 29.13 
Winner, Br. | 1400 9451 W] Dec. 17 | 2a., 18..| Dec. 18 | 29.93 N-NNE 
Texas, Am. S, S.......-- Fushiki, Jap- San Francisco| 42 50 N | 151 00 W| Dee. 18 | 2a.,19..| Dec. 20 | 29.60| 8 W, 10.....| Steady. 
Hauraki, Br. M. Vancouver...| 45 09 N | 132 05 W 19 | 3a., Dec. 22 | 28.86 | WSW..| WSW,—-} SSW, 11..| SSW-WSW. 
Takaoka Maru, Jap. 8.8.| Yokohama..-| San Francisco| 35 25 N | 139 46 E | Dec: 20| 4p., 20..| Dec. 21 | 20.66 | SW.--.| Sw, —.._.| NW....| WNW,9 
Kinai Maru. Los Angeles..| 36 56 N | 144 19 W| Dec. 21 | 4 p., Dec. 22 | 29.74 | NW__..| NW, 8_...| NW_...| NW, Steady. 
Mojave, Am. 8. 8....-.-. Seattle. San Pedro....| 48 20 N | 124 51 Dec. 22 | 5a., 29.20 | S______. S, 9.......| SSE__..| SSE, 10...] S-SSE. 
City of Victoria, Br. 8. 8.| Vancouver ...| 46 20 N | 155 08 E | Dec. 21 | 10 p., 21_| Dec. 23 | 28.78 | NNE-..| NNE, 7.__| Ww, NNE-N W 
Cleveland, | Seattle......- Yokohama-..-.| 51 48 N | 140 47 Dec. 26 | 2p., 26..| Dec. 29 | 29.61 | SSE____| NE, 7_____ NW... wsw, 10. 
Br. | 34 00 N 161 00 E Dec. 28 | 4a., 29..| Dec. 29 | 20.55 | S______- 8, 8.......| NNW SSW, 10.-_| S-SSW-SW. 
do... 35 00 N | 145 00 E | Dec. 30] 9p., 30._| Dec. 31 | 29.63 | NE_...| NE, 10_.._| 
Br. M. S8_..| Los An .-| Panama...... 13 52 N | 95 00 W| Dec. 31 | 2p., 29.86 | NNE-.-| N, 10_..._. N, 10. 2 pts. 
Wilson, Am. | Honolulu..... Yokohama...} 31 10 N | 150 46 E |...do..--] 1 p., 28.99 | SW, —....| NW....| NW, 12...| 8-SW-w. 
Fernhill, Nor. M. 8..... Manila......-. San 29 20 N | 152 08 E | Dec. 30| Jan. 1 | 29.41 | SW__..| WSW,7__| WNW-_| W, 9------ SW-W-WNW. 
Silverguava, Br. M. S...| Celebes..-..-..|.....do...-..-. 38 48 N | 152 32 E | Dec. 31 | 11 p., 31_|.-.do.-_-| 29.36 | E__.__. NE, 10....| NW-...} N, 11.-.--- E-NE-N. 
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NORTH PACIFIC OCEAN, DECEMBER, 1932 
By E. Hurp 
Atmospheric pressure.—The conditions of atmospheric 


pressure fluctuated rapidly from high to low over the 


northern part of the ocean during December, 1932, but in 
consequence of the activities of several deep cyclones in 
these waters, the Aleutian Low was deeper than normal 
for the month by more than two-tenths of an inch. At 
Dutch Harbor the lowest pressure was 28.40 inches, on 
the 10th, but the American steamship Tacoma, some 250 
miles to the westward, gave a lower reported reading of 
28.17 inches, on the same date. 

A belt of high pressure stretched across the ocean in 
middle latitudes, with crests off the coast of the United 
States and over the North China and Yellow Seas. The 
maximum pressure readings of the month occurred, how- 
ever, on the northeastern Pacific, the highest reported 
being 30.98 inches, at Juneau, on the 7th. The extreme 
pressure range in these latitudes for December, taking 
into consideration the high over southeastern Alaska on 
the 7th, and the Low over the central Aleutians on the 
10th, was nearly 3 inches. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, North Pacific Ocean, December, 1932, at selected 
stations 


Depar- 
Average | ture | High- 
Stations pressure | from est Date Lowest | Date 
normal 
Inches | Inch | Inches Inches 

Point 29.86 | —0.17 | 30.68 5 29. 42 12 
20.34 | 30.28 30 28. 40 10 
29.33 | —.25| 30.30 30 28. 56 10, 11 
20.54 | 30.48 5 28. 70 1 
29.84 | +.05} 30.98 7 28. 52 22 
Tatoosh Island. --...........-- 30. +.08 | 30.55 8 28. 95 19 
30.15 | +.03) 30.60 25 29. 72 13 
29.97 | —.03} 30.02 19 29. 80 23 
30. +.01 | 30.14 22 29. 81 
Midway Island___...._......- 30. 01 -00} 30.20 28 29. 80 8,9 
29.84; —.03 29.90] 8,12,13 29. 74 4 
_ 29.85 | —.07]| 29.96 8,19 29. 62 5 
30.11 | +.03/] 30.38 29.72 6 
30.03 | +.03 30.22 16, 17 29. 66 6 
30. 46 29. 10 12 


NorTe.—Data based on 1 daily opservation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 


Cyclones and gales—December was the stormiest 
month of 1932 on the North Pacific. Gales were re- 

rted on about 70 per cent of the days, in the main 
airly well distributed north of the thirtieth parallel, but 
occurring on several days south of it. The individual 
localities with the greatest number of stormy days seem 
to have been one bounded by latitudes 45°-55° N., longi- 
tudes 150°-160° W., and another of somewhat larger ex- 
tent lying to the eastward of Japan. Here 25 to 30 per 
cent of the days had gales of forces 8 to 12. 

In the extreme western part of the ocean, north of the 
tropics, most of the disturbances causing gales were of 
continental origin. Prominent among these was the 
cyclone of the 11th to 14th, which moved from the Japan 
Sea to the western part of the Bering Sea, and caused 
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whole gales on the 12th off the southwest coast of Japan, 
and strong gales on the 13th and 14th over a wide stretch 
of the ocean east of Japan between the Kuril Islands and 
the thirtieth parallel. Other severe storms of that 
neighborhood were those of the 8th, with local gales of 
force 11 near 47° N., 163° E., and of the 31st, which 
caused strong gales to hurricane winds between 25° and 
40° N., 150° and 160° E. The storm of the 31st was of 
oceanic origin. 

South and southeast of the Aleutians the storminess 
was a direct result of the fluctuating and frequently in- 
tense cyclonic activity peculiar to that region in winter. 
Of these disturbances, the two most active were of the 
progressive type. One caused westerly gales of force 11, 
near the central and eastern Aleutians on the 1st day of 
the month. The other, moving up from middle latitudes, 
where it originated about the 8th, entered the Arctic Ocean 
on the 13th, after crossing the Bering Sea. By the 9th it 
it had become an intense storm, with central pressures 
far below 29 inches, and with hurricane velocities blowing 
on its northeastern quadrant. Gales of lesser force con- 
tinued on the 10th and 11th along the middle portion of 
the northern routes. 

On the 19th to 22d fresh southerly gales to near- 
hurricane winds occurred off the Washington and Oregon 
coasts, with low pressure of 28.95 inches at Tatoosh 
Island on the 19th, and a south gale of force 11 at the 
same station on the 22d. The storm area extended sea- 
ward for hundreds of miles from the coast. On the 21st 
an extreme southward extension of the cyclone region 
caused fresh westerly gales off Cape Conception. 

Typhoon.—At the beginning of bar a depression 
appeared south of Guam. By the 4th and 5th, between 

ap and the central Philippines, it had acquired the in- 
tensity of a whole gale (force 10), with a reported pressure 
of 29.32 inches. The storm turned northward during the 
5th with rapidly increasing energy, and on the afternoon 
of the 6th was an intense typhoon. The Norwegian 
motorship Fernhill, bound for the Philippines, was at this 
time in the midst of hurricane winds, with corrected 
lowest pressure down to 28.11 inches at 6 p. m., in lati- 
tude 18° 40’ N., longitude 126° 45’ E., by dead reckoning. 
The typhoon went rapidly northeastward, lay at some 
distance south of Japan late on the 7th, and was causing 
ee up to 11 in force on the 8th near 30° N.., 
15 

Tehuantepecers—Northers of force 8 blew in the Gulf 
of Tehuantepec on the Ist, 17th, and 18th, and_ of force 
10, on the 31st, due to strong anticyclones to the north- 
ward. On the 31st simultaneous northers occurred in 
the southwestern Gulf of Mexico, reaching whole gale 
force in the morning at Vera Cruz. 

Fog.—Fog was unusually deficient on the middle 
American coast this month, and none was reported north 
of Lower California. Off the peninsula it occurred on 


the 4th and 5th. In the Gulf of Tehuantepec it was 
reported on four days, and between latitude 35° and 40° 
N., longitudes 150° and 170° W., on 4 days. 
on the 
lacking 


Elsewhere 
orth Pacific it was widely scattered or entirely 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


DrceMBER, 1932 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number,of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, December, 1932 
[Compiled by Annie E. Small] 
[For description of tables and charts, see REVIEW, January, p. 37] 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 
oF, oF, In. In. In. 
50.6 | +3.0| Prattville. 80 30 | Florence... 12) 18 || 886 | +3.88 3.12 
39.4 —4.1 | 84 11 30 |} 2.09; +.81 22 
39.9 | —26 |.__.. 79 12 17 || 7.86 | +3. 77 3. 97 
California. _.....-.-.. 1 | 87 4 11 |} 2.91] —.93 2 stations...........; .00 
18.6 | —6.4 | Las 79 4 13 |} .84| —.08 | 5.465 
65.1 | +5.2 Cipemes Field Gar-| 17 18 jj 1.01 | —1.84 T 
en. 
53.2 | +5.7 | 3 84; 129 19 || 6.24 | +1.97 -20 
18.9 | —5.6 | Indian 65 1 11 2.04 00 
30.1] —.5 6 69 12 16 3.90 | +1.75 1. 56 
31.8 | —.3 | Crawfordsville 72 24 16 || 4.82 | +1. 96 Rochesier-._ 
21.9 | —2,2 64 1 16 1.44; +.32 Rock Rapids_. 17 
28.1 | —3.8 78 5 121} 1.14] +.28 ealy.._-. . 04 
37.9 | +.4 25 18 |} 4.35 | +.32 Louisa 1. 93 
..--| 51.8| -.3 | 83 ll 17 || 8.65 | +3. 43 Burrwood 8.76 
Maryland-Delaware-.| 37.5 | +2.3 | Salisbury, Md------ 73 25 16 |} 3.30) +.15 1.30 
way), 
Michigan. 25.9} +.7 | Coldwater. 67 25 16 || 2.62] +.54 | Whitefish 6.34 | Lake .95 
Minnesota........-... 12.4 | —2.0 | 3 58 1] 8 —.22]} St. 1.80 | 
Mississippi. 47.0 | —1.2 | Poplarville. 81 ll 18 30 | +4.92 | 3. 40 
31.2 | —2.7 | 2 stations............ 77 12 16 |} 4.46 | +2.39 | Poplar Bluff. 1.01 
17.4 | —4.3 | Geraldine (near)..--| 64 2 ll -96 | -+.03 | 6.67 | 5 
25.8 | —6.8 | 79 9 | San —41 13 || .72| —.21 | Marlette Lake--.__- 3.00 | Thorme..............| .00 
New England. 30.5 | +3.8 | Nashua, N. H------- 68 3 | Van Buren, —29 18 |j 1.78 | —1.53 | Nantucket, Mass.__| 3.06 | PresqueIsle, Me....} .73 
New 36.0 | +3.8 | 2 69 14] —6 19 |} 3.08 | —1.06 | Tuckerton. 4.72 | 1.52 
New 29.3 | —4.3 | Carlsbad 81 2 | Gavilan (near) —27 31 1.01 | +.30 .19 
New 31.1 | +4.5 | 70 25 | Stillwater. —37 17 2.00}; —.98 } High Market........; 4.76 | 
North 46.1 | +3.5 | 25 | Jefferson. 2 20 || 6.44 | +2.53 | 18.47 | 2. 20 
North 124] —.2]| Fort Yates..........) 60 4 21 -18| —.34 | .80 | 2 stations____ 00 
32.1 | +.8 | Middleport.........| 75 25 16 || 3.58 | +.71 | 5. 96 ock No. 23......-..-. 1.51 
35.9 | —3.8 | 80 6 12 |] 4.98 +3. 25 | 10.63 | . 59 
27.6 | —5.5 2 11 4.18 | +.45 | 19.08 | Hay -16 
33.3 | +2.2 25 16 jj 2.19 | —.97 | Punxsutawney------ 4.14 | Montrose ° 
49.6 | +2.9 125 17 |i 6.33 | +2.65 | Caesars Head-_-_._-- 20.00 | Charleston-- 
17.3 | —2.6 3 12 .34 —.21 | Harvey’s 1.75 | 2stations- 
41.2) +.5 1 18 |} 7.04 | +2.45 | Copperhill__.....-_- 12. 76 REN 
45.0 | —4.5 1 11 3.50 | +1.31 | Bon 33.98) ‘Gems... 
U 18.9 | —7.4 2 12 1.25 | +.10 | Silver 8 
40.7 | +2.9 24 | Dale Enterprise. —9 18 || 4.09 | +.80 | 6.06 | Winchester-__. -| 213 
29.3 | —2.8 2 | La < —14 11 || 6.09 | +.62 | Wynoochee Ox Bow-| 27.97 | 24 
West Virginia... 36.0 | +1.9 24 | —12 | 116 2.83 | —.51 | 4.30 | 1.09 
18.7 | —1.3 | Wisconsin Rapids.._| 59 2 | Long —36 16 || 1.77 | +.50 | Stanley. . 52 
12.9 | —7.6 | 2 stations..........-- 63 1) —45 11 -79 | —.02 | Bechler 6.74 | 2 05 
Alaska (November)..| 7.5 | —8.3 | Tree —46 16 2.02 | —1.13 | View 24.85 | McKinley Park.....} .00 
i 70.8 | +.7 | 2 89} 113 | Kanalohujuhulu...-} 40 23 || 7.00 | —2.94 | .| 30.15 | Ewa 
Puerto 75.0 | +.3 | San 94 6 | Guineo Reservoir..-| 48 2 5.10] +.60 | Rio | . 00 
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TABLE 1.—Climatological data for Weather Bureau stations, December, 1932—Continued 


{Compiled by Annie E. Small} 


sis ss 
e lex lex > | 8 |s sl tes 
District and station duty 3 2 | 8 velocity S| 
= = @lSel © | ws & lee 
Ohio Valley and Ft. | Ft.| Ft.| In In In. | °F.) °F. °F) OF. FPF. °F) In. | In. Miles In. \ In. 
Tennessee 37.1) +0.5 78| 4,88) +1.3 71 
Chattanooga... 762} 190] 215] 29.37] 30. 20/-+0. 04] 44.8] +1. 5! 67] 30] 52} 18] 18] 38] 31} 41] 37] 77] 10.92] +5.8] 20] 5, ne 27| nw. | 31] 6} 20) 7.3) 4.0100 
995] 79] 97] 29.11] 30.19] +. 03] 43.2} +2.91 71] 30] 51/ 16] 18] 35| 31! 39} 36] 80! 8.41| +3.9] 20] 4, 476] ne 25| nw. | 30) 5| 19) 7.3) 3.5] T 
399} 78) 86) 29.75) 30.19) +. 04] 40.7) —2. 9, 69] 6) 47) 11] 17] 34 37] 34) 82] 6.97) 17] 6,339) ne 25] 31; 8} 6) 17; 6.6) 18) .0 
Nashville. 546| 168) 191] 29.61) 30.21] +. 06] 40.9] —.1] 70] 24] 49] 12] 18] 33] 31] 38] 35] 83] 4.43/ +.2! 14] 7,378] s 33] s. 23] 8} 3] 207.2) T 
989] 193] 230} 29. 11] 30. 22} +. 08] 36.6) -+.8| 66] 24] 16] 29} 2.33] —1.4| 13]10,347| sw. | 38] s. 30| 10] 6] 15] 5.9} 1.6] .2 
525| 188] 234] 29.61; 30.21] +.07| 36.8] —.8} 69] 24] 45} 0] 16| 29] 36] 33] 30} 81) 5.27] +1.5] 14] 8,503 42) se. 24| 5| 8} 18] 7.3] 3.6) .0 
Evansville. 431} 76) 116} 29.71) 30.20} +. 07] 35.8} —1.3} 64] 2) 43} 0} 16) 28} 30] 32) 28) 76) 7.52) +4.0) 16) 7,755) s 41] sw. 24; 6| 6) 19) 7.1) 47) .0 
Indianapolis... 822| 194] 230] 29. 24] 30. 16] +. 04! 32.4] +. 2] 64] 24] 40] —G! 16] 33] 29! 24! 74] 4.70] +1.7| 13] 8,625]sw | 35] s. 24, 5] 6| 2017.3] 281 
Terre 575| 96| 129] 29.52] 30. 63] 24] 40} —6] 16] 29} 29) 26] 78] 3.96] +1.0] 7,973) s. 37] s. 24) 7] 81 166.3) 2.4) T 
627| 11] 29.48] 30.19] +. 06] 34.2! +.8] 66] 24) 42] 16] 26] 32] 31] 28} 4.01] +1.0] 11] 6, 481) s. 32] sw. 4| 6) 4) 21) 7.4) 63) 
822) 216} 230; 29. 27} 30.171 +. 05) 32.61 641 24) 40] 16] 25) 29' 30] 26) 79) 3.05) 12) 8,716) s. 7; Se. 24; 5) 4! 22) 7.6] T 
donc 899) 137) 173] 29. 18} 33.0} +. 4) 65] 24) 40} 16; 26} 31) 30) 26) 4.87) +2.1) 12) 7, 402] sw. 35] sw. 4, 7) 17, 7.4 6.3) T 
1,947| 59] 67} 28.10] 30.24} +. 12] 36.4] +3. 7] 66] 30] 48] 0} 16] 24 48] 31) 27) 78) 2.54] 15] 4, 250) w. 26] sw. | 31) 9| 18] 7.3) 6.9} .2 
77| 82} 29.54] 30,22] +. 08] 36.0] +.8] 69] 24] 45] 16] 36) 31] 27) 75| 2.51] 16] 4,608] se 24| sw. 7| 6) 211 7.9) 6.3] .0 
353| 410] 29. 25] 30.18] +. 07] 35.6| +1. 4] 66] 24] 44) 16] 47] 32] 27} 73] 1.73] —1.1] 15] 7,738] sw. | 38] w. 4) 5| 5| 21) 7.6} 7.3) .2 
Lower Lake Region +28 75| 2.88} +.2 7.3 
767| 243] 280] 29.24} 30.10] +. 32.2] +2.4] 56} 7| 39} 6] 16] 26] 29] 29) 26) 79) 2.70] —.7| 15114,639| sw. | 59] sw. 5| 7| 19] 7.6] 8.9) .1 
448} 10} 61] 29.59] 30.08)... 27.8} +5.1| 60] 7] 36|—18) 17} 20] 2.52} —.2] 15] 8,185] sw. | 39] w. 7| 3) 9| 19) 7.5] 7.9] 1.6 
836] 74} 100} 29.20) 30.14). 33. 4] +4. 4] 66] 25] 42} 11 25] 44] 28] 23] .68| —1.7| 12) 7,854] s. s. 24} 4) 9| 18, 7.3) 45] 
335] 71] 85] 29.74) 30.12] +-. 06] 32.6] +3. 6] 65] 25] 40] —1| 17] 25} 31) 29] 24] 77] 2.60] 16) 8,870) s. 30] w. 12} 2| 4] 25) 8.4) 11.4) .4 
523| 86] 102} 29. 53| 30.12} +.06| 33.8] +4. 5! 64) 25] 41/ 9] 15] 27] 29] 29] 23) 68! 2.23] —.5| 15] 7,497] sw 36] w. 5| 4| 7| 20; 7.6 431) T 
596] 65] 79] 29.48] 30.14} +. 07] 34.0) +5. 7! 66] 25] 42} —6| 17] 26] 1.24} —1.8] 11] 6,158] s s. 24 3} 8} 20) 7.9) 6.1) 1.3 
714] 130] 166] 29.33] 30. 12] +-.05| 33.4} +1. 5] 64] 25] 40} 10] 16] 26} 29] 30) 25) 3.33; +-.5) 11/11, 682] sw 44] w. 4| 5| 2217.9) 3.31 .0 
762| 267) 337} 29.27) 30.12} +. 03] 33.9} +2.7| 65] 24] 421 16] 26} 30) 30) 24! 70} 3.77) +1.3] 11/11, 217] s. 53| se. 4| 7] 2017.6) 8.7] .2 
629] 67} 29.43) 30. 14) +.05) 31.8] + .6| 63] 24! 40] 16] 24) 3.21] + .9] 11] 7,967] sw. | 34] sw. 4 917/67) 4.5) T 
628| 79] 87| 29. 43] 30.14! +.06] 30.4}  .0) 62] 24] 38] —1| 16] 23} 28) 28] 24] 77] 3 98) +1.6] 13] 7,881) sw. | 32] w. 4| 10} 7| 14) 5.9] 
Fort 857| 69] 34] 29. 18} 30.13]. 29.8] +2. 5| 24] 37] —7| 16] 231 30] 27] 23] 80]. 4.72] +2.1] 10) 8,047} sw. | 34| sw. | 24] 8] 5] 18} 6.5) 3.9] T 
730| 218} 258] 29.30] 30. 12) +-.05| 29.5] ++. 57] 24) 37| 0} 16] 22! 27] 27] 24) 81] 3.57] +1.2] 12] 8,871) sw. | 43] sw. 4} 6} 8) 1716.9] 4.0) .4 
Upper Lake Region 24.3) —.4 83} 2.35] +.2 6.9 
609] 13] 89} 29.34) 30.03] +.01) 26.4} +1.6| 55! 2! 33} 16] 19} 24) 22] 87} 1.96) 14] 8,847] sw. | 30] nw. | 31] 5] 10) 16| 7.0) 10.0 T 
Escanaba... 612| 54] 60] 29.33] 30.02} —.01| 20.9] —1.5] 2) 281-10] 9] 14) 19] 16| 83] 2.51) +.8| 12) 7,580] sw. | 29) n. 30] 11) 7| 13] 5.5] 13.5] 1.5 
Grand Haven 632| 89] 29.36] 30.07] +. 02] 28.8] 56] 24) 35] —1| 17 23} 25] 85} 2.83} +.3] 19/10,152| sw. | 32} sw. | 25] 2| 2) 27} 8.8} 11.4] 
Grand Rapids_. 707| 70| 244] 29. 27| 30.06] +.01| 29.4] ++.9] 58) 1/36] 23} 22) 27| 24] 81] 2.68} +.1] 15]10,255| sw. | 46] sw. | 24] 3] 7| 21/ 8.0] 6.8] 
668| 64] 99] 29. 20] 29.95! —.07| 18.8] —3.0| 47] 1] 26|—10) 13] 12} 4.05] +1.0| 17] 6,698] w 27| w. 1) 25) 8.8! 33.3/14.6 
878| 88} 29.11! 30.09]... 27.0| —.2| 56| 24) 35] —5| 16] 20] 27} 25| 24) 92} 2.49] +.4| 15) 7,959] sw. | 30) sw. | 25} 7] 4] 2017.2) 4.7) 1.3 
637| 60) 66} 29.32) 30.04)... 28.2} 52| 33} 1} 10) 23] 22! 26] 24) 84) 2.10] 17|10, 168) w 34] sw. | 24] 4) 7) 2017.7] .2 
734| 77| 111] 29.15} 29.98] —.04| 21.4] —1.2| 57] 2] 9] 14! 24] 19] 16] 80} 1.59] —1.1| 13] 8,649] w 34| s. 1] 7} 9} 15] 6.6) 10.6) 1.7 
Port 638| 79] 120} 29.37) 30.09] +.03| 28.5] +.9] 57| 24] 36] 0] 22] 25] 84] 2.61] 11] 9,162} sw. | 35] w. 25| 8| 17/ 6.2) 1.9 
Sault Sainte Marie....| 614} 11| 52] 29.28] 30.00} 00} 22.7} +2.2] 45| 20) 16| 17} 32| 21) 19] 88| 2.78] 16| 6,788) sw. | mw. | 4/ 7} 20) 7.7) 17.9) 2.0 
hicago...............| 131] 29.36] 30.12] +.04/ 28.8| 0} 58] 24| 35] —4| 16] 22) 26| 26) 21| 2.46) +.4| 10| 8,960] sw. | 32) sw. | 11/ 6) 14) 5.8) 7.3] .1 
Green 617| 109] 141] 29.34] 30.03] —.01| 21.8) —.5] 53| 2} 20/—15] 16] 15] 29) 19] 71} 2.04] +.3] 8] 8,658] sw. | 30] nw. | 31/ 13] 2) 16; 5.9} 6.6! .0 
97} 221] 29.31] 30.08] +.02) 26.1] 57} 2] 33} —8| 16] 19] 28] 18] 75} 2.15) +.4] 910,641) w sw. | 24] 5] 16) 5.8] 7.9) .0 
1,133} 5} 47) 28.72) 30.00) —.05) 12.0) —3.9) 45) 1) 21/—23) 8) 3) 35) 1 8| 87) .71| —.4| 10) 9,753) w 38) nw. 12} 9] 9 13) 5.8) 7.5) 2.3 
North Dakota 13.2) +.9 83; —.4 5.1 
940} 50} 58) 28.98} 30.05) —.03] 11.5] 48} 1) 21/17} 12] 2| 29 —.6| 6, 866] s. 25} nw. | 3] 9] 13/60! 2.0) 1.2 
1,674} 8| 57| 28.17] 30.04) —.04| 15.7} +1.0| 54) 1] 25/—17] 12] 6] 30 6,026] nw. | 34/ nw. | 3] 13] 12] 6] 4.6] 1.3] .2 
Devils 1,478} 11] 44] 28.35) 30.01 05} 11.0) +1. 5} 48) 1) 20/—20) 8) 2) 31 —.4| 4] 7,260) w 23) nw. 3} 14) 9 5.4) 
Ellendale. 1,457| 10} 56] 28.42) 30.06)... _- 57| 1] 24-28] 12] 1] 39 5] 8,978] nw. | nw. | 3] 9} 11) 11] 5.8} 2.3) .2 
Grand 45| 1) 20/—18) 15} 1) 20) nw. | 30} nw. 3} 6) 16) .8 28 
1,878] 41] 48] 27.96] 30.03} —. 03) 14.8] +1.0) 47] 1] 11] 7} 27 —.4| 2] 6,008) sw. | 32) nw. | 3] 18} 3) 10/3.8) .5) 
Upper Mississippi 
Valley 25.3) —1.5 +1.2 5.7 
Minneapolis -- - 918} 102) 208} 29.01) 30. 04)_.___- 16. 8| —2.8| 49) 2) 25)—14) 15) 8] 1.52) 8] 7,673) w. 27| nw. 30} 10) 9} 12) 5.7] 13.7) 4.6 
114] 149] 29. 11] 30.06] —. 02, 16.6] —2.4| 2! 26|—18] 16} 8} 1.80] +.7| 9) 6,534) sw. | 24) nw. | 4] 12] 6! 13; 5.3) 16.0) 6.1 
La 714| 11] 48] 29.27] 30.08} 20.6] —1.7| 55! 2) 20|—21/ 16] 12} 30} 16 2.15} +.8] 6) 4, 666) s. 16| s. 20| 10} 5| 16] 5.6] 7.5| .0 
974| 70| 78] 28.98] 30.09] +. 01) 22.4) 52) 2) 30/—12| 16] 15} 25) 20) 17] 85! 1.80) 7,311) sw. | 22] nw. | 30] 12) 6] 13] 5.5| 3.0) .0 
247} 4] 62] 28.64] 50} 25/—19) 16] 10} 221) +.7] 5, 263} n. 21| w. 8| 13/60) .8 
Charles 1,015] 10} 51) 28.97' 30.10} 18.6] —1.8 57| 2} 27|—19' 16| 10! 29] 16 14) 83| 1.50 +.2| 4] 5,436) nw. | 21) nw. | 30) 12) 6| 5.9] 
118} 143} 29. 44) 30.13] +. 03] 26.4] 58} 2] 34/—-10] 16] 19} 26] 23) 18] 75} 2.32] +.8| 9] 8148) sw. | 43) sw. | 24] 13] 5] 13) 5.5) 3.7) .0 
Des 5 29. 18} 30. 13} +. 02| 22.6] —3. 4] 54} 1] 31/—15] 16] 15} 28) 21] 16) 79] 1.60/ +.4] 6,984) s. 29] w. 4| 10; 7] 145.8] 46) T 
700! 81] 96| 29.32] 30.10} 23.5] —1.2/ 55} 16] 16} 24) 21) 18] 81] 1.70} +.3] 5,600| s. 23| n. 30] 11] 5] 15} 2.7) .0 
614| 78] 29. 45] 30.16] +. 04] 28.1] —1. 64] 1] 36) —9| 20] 29] 25) 19] 72) 4.00) +2.6| 9] 6,389] sw. | 27] w. 12] 7| 121 5.3] 6.6) .0 
358| 93] 29.78] 30.18] +.03| 37.2) —.6] 69] 6] 5] 16] 30] 39] 33] 30) 6.88] +3.5) 14] 7, 663) s. sw. | 24] 6| 18| 7.0} 201 .0 
609] 11] 45] 29. 46] 30. 15} +. 04] 27.8] —.3] 60] 3] 36/—13] 16] 20} 24] 24) 21] 82] 4.46] +2.7] 10) 5,96i| s. 24) w. 4| 10| 11] 10] 5.2) 5.9) 
Springfield, Ml. 636 191] 29.44] 30.14] +. 02] 30.6] —1.1| 67| 6] 38} —5| 16] 23} 23] 78] 2.79) +.6] 8,805) s. 34] sw. | 24] 10] 8] 13] 5.8] 4.2) .3 
534] 741 109) 29. 54) 30.14] +. 02) 29.4] —2.1| 65] 38|—12] 16] 21} 4.70] +3.2| 9] 6,721] sw. | 34) sw. | 24] 11] 7] 13] 5.5) 9.5] .0 
St. 568] 265] 303) 29. 52) 30.15) +.02) 34.2} —. 5) 69} 6) 42) 0} 16) 27) 32) 30) 25) 71) 2.37) +.2) 11) 9, 8. 38) sw. 24) 9 8 1446.0) 3.9) .2 
Missouri Valley 25,2) —2. 6 74, 1,60) +.5 5.2 
Columbia, 784 84| 29. 28) 30.15] +.03] 31.4} —1.8] 67] 1] 40] 16] 23) 4.81] +3.0] 7] 6,655] sw. | 26] sw. | 24] 10! 6) 15) 5.8} 6.7) .6 
Kansas City. 963} 10] 86 29.08] 30. 15} +.03/ 30.0} —2.5| 68! 1] 38] —5| 16] 22] 35) 26] 21) 2.41; +1.1|) 7,202] sw. | 35) w. 3| 13} 1114.9} 6.4) .0 
St. 967| 11] 49] 29.06] 30. 66| 5] 36} —9| 16] 19} 33) 24] 19] 77| 1.41! +.4] 6,214! sw. | nw 3| 12) 9| 101 4.91 5.31 
Springfield, 1,324] 98} 104] 28. 70] 30. 15| +. 02| 34.2} —2. 0] 6] 42} 0) 12) 26} 38] 30) 24) 72) 4.83) +25) 7,826) s. 28| sw. | 24] 11] 13) 8.8) .0 
984) 11 29. 05} 30.07] —. 05} 32.4} —1. 5] 68} 5} 42} 12) 23) 2.68) +1.3} 
ae 29.0} —3.0| 69] 5] 37} —7| 12} 20} 1.78] +.8] 6] 6,502] sw. | 27| mw. | 30] 12] 5) 14) 5.4} 6.2) .0 
1,189} 11) 81] 28.81] 30. 14} +. 02! 23.8] —3.8] 63} 2| 33/—14] 12) 15] 31) 21] 16] .0| 6,703) s. 29] nw. | 3} 12) 12) 71 4.91 68! .0 
105| 115] 122} 28. 90] 30. 14) +. 03) 23.8] —2.6) 58} 2} 31|—12) 12} 16) 27| 21) 16 73| .71) —.2} 6,111) nw. | 30) n. 30| 12) 14, 5.4] T 
Valentine............. 47| 54} 27.29| 30.14] +.04' 20.1] —4. 5] 59] 2| 31/22] 12} 9} 40} 16) 12) 77) 6,502] w. 34inw. | 917] 550) 28 T 
Sioux City.........--- 1, 135] 94] 164] 28.84] 30.12} 00) 20.5| 55| 2] 29/—15] 12) 12) 31] 18) 14) 77) .45) —.4| 6) 7,732 s. nw. | 3/11) 7/13/55 66 T 
28. 11] +. 01] 16.6) —2. 1) 56} 1) 27/21) 12) 6! 37| 14] 11} 84) 6,854) w. nw. | 14 10! 4.41 4.3) .2 
1,572} 70} 75} 28.26) 30.10} .00) 19.2) —2.6) 58) 4) 30)—17) 12 32| 1 63} .28) 5,862) nw. 36) nw. 3} 13} 11} 744 34) .2 
49' 57' 28, 75) 30. 13' +. 02 21.0! —1.8! 59 31i—18] 12] 11) 36... 2) 5,798! nw. | 29) nw, 3! 7! 14 101 5.7' 2.01 T 
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TaBLE 2.—Data furnished by the Canadian Meteorological Service, December, 1932 
[Compiled by Annie E. Small] 
Pressure Temperature of the air Precipitation 
Altitude 
Stati Sea level 
mean sea ation | Sea lev 
Stations level, || reduced | reduced | Depar- hanya Depar- | Mean | Mean Depar- | -potal 
Jan. 1, |} to mean | to mean | ture from ‘mean ture from| maxi- mini- | Highest | Lowest Total | ture from snowfall 
1919 of 24 of 24 normal min. +2 normal mum mum normal 
hours hours 7 
Feet In. In. In. beg a! oF oF °F oF In. In In. 
7 48 29. 97 30. 02 +0. 13 30. 4 +2. 2 37.2 23.6 53 12 2.21 —2. 42 6.5 
alifax, N.S 88 29. 95 30. 06 +.10 32,4 +4.8 39. 5 25.4 56 8 4.31 —8.1 3.1 
Yarmouth, N.S 65 29. 97 30. 04 +. 06 34.7 +4.0 41.0 28. 3 55 ll 2. 64 —2.13 6.4 
Charlottetown, 38 29. 94 29. 98 +. 04 29. 2 +4.9 35.8 22.7 51 5 1.74 —1.92 5.4 
29.89 29. 92 —.02 22.3 +5.3 31.2 13.4 54 —20 1,17 —2.05 6.6 
Father Point, 20 29. 97 30. 00 +. 05 20. 4 +5.0 28.1 12.8 48 —12 2. 38 —. 45 23.8 
296 29.73 30.07 +. 06 20.1 +4.9 26. 7 13.5 46 —14 2. 62 —1.07 20.3 
Montreal, ThE 187 29. 85 30. 07 +. 04 26.0 +7.7 32. 4 19.5 54 —10 2. 93 —.72 14.7 
236 29. 80 30. 09 +.07 23.9 +6.9 31.6 16.2 54 —19 2.92 +.01 15.8 
285 29. 78 30. 11 +. 07 29.9 +6. 2 36. 4 23. 4 52 -9 2. 57 —. 67 5.7 
379 29. 67 30. 10 +. 05 30. 4 +3. 4 36.9 23.9 53 2 2. 38 —. 53 3.3 
White River, 1, 244 28. 56 29. 94 —.03 6.4 —3.3 20.1 —7.4 45 —48 1.89 +.18 18.9 
656 29. 30 30. 03 +.01 27.8 +1.1 34.2 21.4 52 —5 4.47 +. 49 26.9 
688 29. 31 30. 02 +.01 25. 2 +4.0 31.1 19.3 47 —15 4.90 +. 42 27.6 
Port Arthur, nh akan 644 29. 24 29. 98 —.01 13.1 21.9 4.4 47 —24 1,05 +.18 10.5 
760 29. 10 29. 99 —.03 2.7 —1.4 12.4 —7.0 39 —34 . 30 —.61 3.0 
1, 690 28.05 29. 98 —.04 2.2 —3.5 12.1 —7.6 37 —32 80 +.18 8.0 
Qu’Appelle, 2,115 27. 57 29. 93 —.07 7.2 —.2 15.7 —14 40 —31 66 +.14 6.6 
Moose Jaw, 1, 759 || ----------|---------- 
Swett Cusrent, Gack. 2, 392 27. 30 29. 95 —. 04 14.0 —2.0 22.7 5.2 48 —28 .70 —. 08 7.0 
2, 365 27. 36 29. 93 —. 04 18.3 +.1 26.8 9.8 50 —24 43 —.12 4.3 
3, 540 26. 12 29. 93 —.01 18.7 +.5 26.9 10.4 46 —13 34 —. 25 3.4 
SR Ee 4, 521 25. 22 30. 00 +. 06 13.8 —5.3 20. 4 7.2 38 —29 74 —.47 6.3 
Prince 1, 450 28. 32 29. 98 —.03 2 —.6 13.2 —8.9 38 —3l 1.00 +. 26 10.0 
2, 150 27. 56 29. 97 +. 04 13.4 +.3 20.7 6.2 40 —24 -62 —. 08 6.2 
©). 1, 262 28.72 30. 05 +.11 24.5 —4.4 30.0 19.1 55 —2 2 —.40 2.8 
Victoria, B. 230 29. 82 30. 08 +.11 38.5 —2.7 42.0 35.1 52 18 3. 91 —4, 07 
Estevan Point, B. 20 “af... 45.1 34.9 bi 20 0 
RR, Bids Soak nt 151 30. 04 30. 20 +. 08 67.8 +3.1 72.3 63.3 59 —3. 95 0 
LATE REPORTS FOR NOVEMBER, 1932 a 
1 

Bis 48 30.11 30. 16 +0. 21 38.7 +1.6 45.7 31.6 57 14 5.18 —0. 26 6.0 
88 30. 07 30. 18 +.17 38. 3 +1.0 46. 2 30.3 58 8 5. 68 +. 02 .4 
65 30. 04 30.11 +. 09 39.8 47.8 31.9 59 ll 4, 27 —.22 T 
Chasiottietown, P. B. 1... 25.20.526..-.cs00 38 30. 08 30. 12 +. 16 37.1 +1.6 43. 2 31.0 56 12 2.49 —148 3.5 
Chatham, N. 28 30. 05 30. 08 +.11 31.0 .0 39.4 22.7 55 2 2.10 —1.65 1.4 
4, 521 25. 25 29.94} —.02 26. 4 +.6 34.0 18.8 46 —12 1.82 —. 45 14,2 
pS 1, 262 28. 62 29. 94 —.02 38.5 +6.1 43.0 34.0 55 26 1.44 —.02 7.0 
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SEVERE LOCAL STORMS, DECEMBER, 1932 
{Compiled by Mary O. Souder] 


[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the Annual 
Report of the Chief of Bureau] 


Width Loss Value of 
Place Date Time of path oflife| Property, Character of storm Remarks Authority 
(yards) estroyed 
reau. 
Winter and Carlin, Il., Electrical - 2 barns burned after being struck by lightning -- Do. 
and vicinity. 
Southern Indiana-------- Small property damage caused by lightning and Do. 
re. 
ont. 
railways; Many persons injured because of 
1 slippery pavements. 
Cairo, and vicinity-_-- Sleet and glaze_...| Some interruption of street-car traffic; highway Do. 
traffic affected. 
Snow, sleet, and | Telephone and telegraph wires and trees dam- Do. 
glaze. aged; traffic greatly impeded. 
Eastern and southern 2 170, 000 | Glaze. Telephone and telegraph and power lines severe- Do. 
Arkansas. ly damaged; travel everywhere exceedingly 
hazardous; many schools closed. 
Parker and Yuma, Ariz-- Sleet and snow__..| No other Do. 
Northern and south- 13-19 |-...---- Severe damage to power and communication Do. 
western portions of lines and to much young timber and many 
Alabama. fruit trees. 
Northeastern Georgia - - Rain, sleet, snow__| Wires and trees broken down; interruptions to Do. 
1 communication systems and lighting service. 
imber. 
Cherokee County Sleet, ice and snow-| No details Do. 
(entire State)_ All forms of transportation at standstill for Do. 
several days; scores of persons injured. ‘ 
Vicksburg, Miss- - - .----- Serious loss in live stock and wild animal life___- Do, 
Richmond, Va., and vi- Snow and sleet__._| Traffic throughout State delayed for 3 days____-- Do. 
cinity. 
New York, N. Y-.--.------ In New York Harbor ferry and other traffic de- Do, 
layed because of poor visibility in the whirling 
snow, 
Everett to Bellingham, 1 75, 000 | Damage to beach houses in vicinity of Everett; Do. 
Wash., and vicinity. in Bellingham windows were blown in; con- 
crete and wooden bulkheads badly damaged 
by battering logs. 
Straits of Juan de Fuca 1 25, 000 Telephone lines and trees blown down; roofs Do. 
and Puget Sound re- blown off; roads blocked. 
gion, Wash 
23 | 8p. m____- 25,000 | Tornado. Telephone service interrupted; about 50 derricks Do. 
blown down; path 1 mile long. 
Bayou to England, 40, 000 |..-.- 12 injured; property damaged; path 11 Do, 
miles long. 
Rockville (near), Ind____- 000-4 High school building Do. 
Northwestern Iowa------ Sleet and glaze._.-| Considerable damage and some casualties Do. 
Heber Springs, 
Ark. 
St. Paul, 10, 000 | Snow and glaze___| Damage to power lines and Do. 
Northern Sleet and snow__..| Wire systems interrupted; damage to fruit and Do. 
pecan trees and to all timber. 
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